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THE GIANT 200- inc 


An Achievement in Glass-Making and in Temperature Control 








> will mark 1936 as the vear in which the giant 
K tor e California Institute of ‘Te ry Ob 
r? | ited on \It Palomar. Wis Slit Vp dl 
Corning Glass Works. It opens up ex ng po 
nos i xploration—th xter \ h no on 
Wi I pro d ot havin n »p nitted to 
7) \ is il] part in the success of this inde rt iking. To 
sixteen Foxboro Potentiometer Controllers was entrusted 
t isk of maintaining exact annealing temperatures 
a ‘ ay +i } | ] ‘ Lely | } ‘ 
ring ca iat the disk was ina leh most ac 
WAS \ tal. bec ilist tempore ratures were lowe red 
gradually sometimes at the rate of less than a de 
gree per day. As this is written, examination of the rim 
rt hye d SK W th por rized light indicates ire sidual stress 
phen 
— RR. ee 
F : e 
Pe ae * . 
¢ - grange 
¢ * "ig a be 
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that is svmmetrical about the center of the disk 
ow order, thus fulfilling the two requirements of t 
ily perfect annealing demanded of glass di 


to be fashioned into tele scope mirrors, 


Chis is but an interesting example of many less s) 
lar but equally important problems in Instrum« 
which we are solving every day, in practically ey 
dustry. If your manufacture involves temperatur 
sure, rate of flow, humidity or liquid level, w 


to h Ip vou, too, 


THE FOXBORO COMPANY 
16 NEPONSET AVE., FOXBORO, MASS., U.S.4 


Branch Offices in 25 Prine ipal Cities 


AC OMPLETE INDUSTRIAL 
JINSTRUMENTATION 


FONBORO CONTROLLERS USED BY CORNING IN ANNEALING THE GIANT DISK 
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for today 
and 
tomorrow 


HE modern Taylor Recording In- 
strument assures a more accurate 
record of temperature and pressure than 
as obtainable before. Its efficient and 
economical operation guards today’s 
profits against waste and high produc- 
tion costs. And it makes future processing 
i clearer picture in the light of past 
ords. 
Taylor Recording Instruments are de- 
ned to meet the most exacting require- 
ents in the chemical industry. They 
built to last longer. A simplified and 
fined mechanism, light in weight but 
rdy and durable, and practically 
ctionless, instantaneously translates 
mperature or pressure into pen arm 
tion, 


lhe construction of Taylor Recording 





MODERN TAYLOR RECORDING THERMOMETER. For applications within minus 100° F 
and plus 1000° F. Face- or flush-mounted cases. Dust-proof and moisture-proof. Tay/or 
Recording Pressure Gauges are similar in appearance. Interchangeable tube systems make 


---WITH TAYLOR RECORDING THERMOMETERS 
AND PRESSURE GAUGES 





Instruments makes them adaptable to 
any temperature or pressure need. Tem- 
perature Recorders, for example, are of 
three types—mercury-, gas-, and vapor- 
actuated. With the mercury-actuated 
type is available one of the most im- 
portant aids to accuracy ever developed 
This is Taylor Accuratus Tubing, an 
exclusive, patented product that auto- 
matically compensates for all temper- 
ature differences surrounding the tubing 
between bulb and instrument. It assurey 
a true bulb temperature record. It per 
mits installations of the recorder at un 
usual distances from the bulb. 

Write for Tavlor Catalog 68J for fur- 
ther data on Temperature Recorders. 
Get Catalog 68JF for more information 
on Taylor Recording Pressure Gauges. 






conversion from Pressure Gauge to Recording Thermometer easy. 








For first-hand information on these and 
all other Tavlor Instruments for con 
trolling temperature, pressure, rate of 
flow or liquid level, ask a Tay lor Repre 
sentative to come and discuss their appli 
cation with vou. Address Taylor Instru 
ment Companies, Rochester, N. Y., of 
Toronto, Canada. Manufacturers in 
Great Britain—Short & Mason, Ltd 


London, England. 








Indicating Recording Controlling 





TEMPERATURE, PRESSURE and 
FLOW INSTRUMENTS 








INSTRUMENTS 


September 1936 Page A383 
































INSTRUMENTS The Magazine c{ 
MEASUREMENT and CONTRO. 


RICHARD RIMBACH 











CONTENTS - SEPTEMBER 1936 


Front Cover: Boiler Instrumentation 
Citv of Marshtield. Wisconsin 


Courtesy The Hays ¢ orporation 


Automatic Flight 


The Gy ropilot 
By Preston R. Bassett 


Dr. Edward Weston 


Obituary 


Interpretation of Oscillograms 
Fifteenth part of Oscillography series 


By R. R. Batcher 


Measuring A-c. Millivolts 


A New Method 
By Paul MacGahan 


Automatic Control 


of Voltage and Current 
By Perry A. Borden and M. F. Béhar 


Liquid-measuring Devices 


Amended Specifications 


INSTRUMENTS’ READERS AT WORK 
No. 17. George M. Deming 


NEW INSTRUMENTS 
Indicators, recorders, controllers, inspection 
devices, ete., for the plant and laboratory 


OTHER DEPARTMENTS, etc. 
EDITORIAL COMMENT 
MANUFACTURERS’ NEW LITERATURE 
ADVERTISERS’ INDEX 


BUYERS’ GUIDE 


INSTRUMENTS 
Page A4 Vo be 


258 


264 


24] 
266 
~ 66 


Al4 


Managing 


M. F. BEHAR 








EDITORIAL ADVISORY BOA 


G. BERNDT 
Technische Hochschule, D 


W. G. BROMBACHER 
National Bureau of Star 


\. V. DeFOREST 
Massachusetts Inst. of Tech 


K. J. DeJUHASZ 


Pennsylvania State C 


PAUL B. FINDLEY 
Bell Telephone Laborat 


JOHN L. HAUGHTON 
National Physical Laboratory, Eng 


H. L. HAZELTINE 
Sterling Varnish Com 


C. A. HEILAND 
Colorado School of M 


GEORGE KEINATH 
Editor, Archiv fuer Technisches Mes 


E. S. LINCOLN 


Consulting Electrical Engin 


JOSEPH LYNCH, 58.J. 


Seismic Station, Fordham Univer 


FOSTER D. SNELL 


Consulting Cher 


THOMAS SPOONER 
Westinghouse Research Laborato: 


S. R. WILLIAMS 
Amherst Co 





Published Monthly on the 15th by 


The Instruments Publishing Comp 

1117 Wolfendale Street Pittsburgh, 
Branch offices 

Boston: James Condon, 6 Marlboro S 

New York: Edwin F. Ripley, 118 E. 28t! 

Chicago: R. Farnham, 201 Wells St 

Glendale, Calif.: W. McIntyre, 1115 Tyler 


Annual Subscription: U. S. $2.00. All of 
countries $3.00 payable in advance 

by New York draft). Copyright 1936 
The Instruments Publishing Company 
tered as second-class matter January 
1932, at the post office at Pittsburgh, | 
under the Act of March 3, 1879 





inet 


—— 








NSTRUMENTS_— The Magazine of 
MEASUREMENT and CONTROL 








ve 
m 
mi 
> 
7 





\s old readers know, Justruments has 
vid policy with regard to descrip 
of commercial devices emanating 
manufacturers: we boil them down 
print them in the monthly New In 
ruments Department; we exclude them 
om the feature-article pages; and we 
ist that articles be free of commercial 
You may wonder, therefore, why 
month’s leading article describes an 
trument which is for sale and—hor 
!_is written by the vice-president of 
he company that sells it. However, be 
re you write to The Instruments Pub 
ing Company that we should be fired, 
d the article! Fact is, since Wiley 
Post made his solo flight around the 
rld with the aid of an automatic 
vilot, you have wanted an article on 
utomatie flight and we have therefore 
been trying to get it. Our acquaintances 
the aviation industry told us from the 
tart that “automatic flight’ meant the 
of the Gyropilot; that no one was 
etter qualified to write it up than Pres 
Bassett, and that he was as com 
ercially-minded as a new-born” babe. 
Se we hunted up Bassett two vears ago 
id kept on asking him to tell you all 
hout it. This is not an apology but a 
re-statement of our policy. 


Paul MaeGahan’s article, too, might be 
nsidered the result of a slip in our 
icy, so we hasten to report that the 


rument he describes is not being 
duced commercialiv. 


Ralph Bateher begins this month a 

ries of authoritative articles on the 

ssification of oscillograms and on the 

oduction of various types for conven 
interpretation. 


\gain our Electrical Measurements 
1 Control serial describes modern 
fomatie regulators this month the 
tronic types. 


"his month’s New Instruments Depart 
nt reports an unusually varied crop, 
luding interesting concidences which 
wil discover for yourself. 


WELL WORTH $3,500,000 


Noa world where “might-makes-right’” nations tear up 


— 


reaties and 
arm for aggression on peace-loving peoples, our security depends 

in large measure upon constant naval, merchant-marine and sea 
plane engineering advances 

These advances. particularly in the fields of hull lines, correct 
propeller design for each hull type, determination of required power 
improvements in turning qualities, behavior among waves, performance 
in shallow water. ete.. de pend upon ceaseless experimenting wit! 
numerous models towed under definite conditions in idequate model 


basins equipped with many tvpes of instruments. 


Designed in 1895 and completed in 1900, the model basin at Wash 
ington is obsolete. Its total length is 470 feet; its uniform-section 
length 280 feet; its length for taking the most significant data (allow 
ing for carriage acceleration and deceleration) is a paltry 100 feet 
Michigan University’s basin, modern in some respects, is only 300 fee! 
over-all, hence likewise utterly inadequate for suitable-scale models 
of seaplane floats and hulls and even of high-speed surface craft. 


Germany, Japan and Italy, in the order named, now have the world’s 
biggest model basins. Russia's, when completed, will lead: with 
length of 3280 feet. Germany, Japan, Italy, Russia! 

For SIX years, efforts have been made to have Congress ippropri ite 
$3.500.000 (0.56 of this years Navy appropriation) for a new mode 
basin with shops and laboratories as recommended by the Hoover and 
Roosevelt administrations, by the American Engineering Council and 
by numerous scientific and technical societies. Democratic and Repub 
lican legislators, mostly representing the citizenry of non-coastal 


states, we believe. have defeated these efforts. 


Verily, this is a case where the citizenry has been acting like 
vokelry. The proposed model basin would serve not only the Navy 
which protects the prairie states as much as ¢ alifornia or New York, 
but it would pay for itself in three years or less by cutting the Navy's 
costs for hull-design, ete. Moreover, it would be about 500%. self 
liquidating through fees from private companies. A propos, it is said 
that our shipping interests use the model basins of foreign nations, 
which pocket American dollars and “borrow” American ideas 


Extracts from House Naval Affairs Committee hearing 
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Instruments readers can do patriotic work and serve science and 
industry by supporting the Model Basin Establishment Bill to be 
re-introduced in the coming session. Start writing to your Senators and 


Representatives and get their promises now, before elections 
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No. 17 


GEORGE M. DEMING 


Apparatus Research © Development Department 


AIR REDUCTION SALES COMPANY 


ro ) n 
10 | nth Sept Aes 
Ss i nating il ( ol SOuI 
100 words, w n fig s. on new 
} bei p ss Aas 1 or 
i I nm d tor i pace col 
ititl In This Iss th 

wing }} rai i 


You no doubt felt. and still feel, 


that it would be a pleasure to be in 
troduced to that man Deming. 
We feel that it would be a ple iS 
ré o introduce Deming to vou 
Whicl since he, too, is an old-time 
subscribe we can pro d to do by 
ins of this page 


— INSTRUMENTS USED IN DEMING’S SS 
SECTION OF AIRCO’S APPARATUS 
RESEARCH AND DEVELOPMENT 
DEPARTMENT 

( s gage tester 


merica we tester 


H Thomas 


\ 
A 
Arthur H. Thomas chemi 
R 


balance 


balanc« 


ehle 100,000-Ib. testing machine 
Brinell hardness tester 
Rockw hardness tester 
Scleroscope hardness tester 
Riehle Charpy impact tester 
Thomas Grinder Co. fatigue tester 
Leeds & Northrup potentiometer 
Leeds & Northrup temperature recorder 
controller 
National oscilloscope 
Leitz photomicrographic equipment 


Huggenberger extensometers & accessories 
Whittemore 
Ames dial 


Shore 


strain gage 
micrometers 

Durometers 

Also special equipment for specific purposes 
valv« 


such as corrosion § investigations, 








— testing, eft« 


Laboratory, Jersey City, N. J. 


By M. F. BEHAR 


] 
Born in San Bernardino, Calit., in 


1893, Deming found his early life 


| ind bus 


irduous,. his father’s illness 
ernate 


] ] 
ness failure forcing him to alt 


work and schooling. During his last 
vear of high school he met with an 
wcident that indermined his) own 
health for ten vears. It took him 


to complete i 


str igor 


college Course and tO save 


monev for his course at the Univer 


sitv of Seattle beside paving hun 
dreds of dollars to doctors and hos 


pitals and assisting his father. ¢ lass 


work by day at the university and 
a full eight-hour shift at night 
until he broke down completely in 


the middle of his Junior vear. 


Recovered, he taught mathematics 


and science in a Washington State 
high school 

Then military service in the Ex 
perimental Station of the U.S. Army 
Chemical Warfare Service, the latter 


» men OHO 


DEMINGSTRATING THI 


-* 


ww 


WORLD'S LARGEST 


Richard ‘| 


pe riod under Dr. 
Phe 
of Standards as laboratory iss 


Assistant |} 


war over, he joined 


Was promoted to 


Physicist. designed test q 


Bureau 


Then 


ind SUPerVIse d the 


OX\ acetvlent torches. 


complete his engineering 
which he did at the Univers 
Washington, taking his B.S 
Chem.Eng. in 1922. 


Followe d 


switching design, and 


two vears ot 
machine 
months as examiner in the U.S 
Office ° 


went to Airco’s Apparatus Res 


ent from which, in 19 
and Development Departmen 
Deming’s inventions cover thi 
of pressure regulators, welding 
cutting apparatus, flowmeters 
tvlene generators and gas dist 
ing systems. Thanks to him, pr 
regulators have Jumped from a 
to a major position in Airco’s ay 
ratus sales, now ranging from 
cision models to 50.000-ft.)) hr 


for steel mills. 





OXYGEN REDUCING VALVE 





KK 


i 








ssell Rlectric Co., 


4E MONTH'S NEW 








Dial Indicators 
new dial indicators are com 
ist proot: vears, rack, dowels, 


tem and bushings being stain 


na Case ind bezel chromiun 





The baek is a solid die casting, 
for clamping 
fixtures 


to hold the lug 


tor to machines, jigs or 
ittached on or. oft 
be turned parallel or at right 


center and 
ingles 

of spindle. Case is a die casting, 
entrically machined, with stem cast 
for maximum strength. Genuine 
used; all gears and 
finished. Dials are 


cleaned enamel: 


ire jewels ire 
ns are cut and 
ed with an easily 
is said to be non-breakable. Dial 
e moved and locked by means of 
rled bezel and clamp, to bring zero 
relation to the 
{thol, Mass 


k to any point in 
a / N Starrett Co 


Relay Transformer 


Makers have employed this device for 


ird of a year in their own control 
relay outfits, now place it on mar 


for embodiment in numerous types 





signaling 


control and 


systems It 
Dines a low-voltage transformer and 
relay: is available for 
er 110 or 220 volts, is listed by Un 

rite rs: : 


— 
lnc voltage 


has 3-point armature con 
including two milled knife edges 
proper phase splitting to prevent 
hum. Balanced armature design with 
contact 
‘tla is said to give accelerated switch 
» hp. rat 
Operates satisfactorily in any posi 


arms but low moment. of 


nm insuring conservative ! 


irmature always completing half 
motion before break occurs, insuring 
‘K break. Size 3” a1,” K 21,". 
rf Huron ae. ( thi 
Til 


In this department we strive to re- 
port each month ALL the new devices 
for measurement, inspection, testing, 
metering and automatic control—in 
the form of concise technical descrip- 
tions. 

When 
directly, please mention this depart- 


writing to manufacturers 

ment as your source of information. 
Or write to Information Section, 

Instruments Publishing Company. 








Process Cycle Controller 


Partie rly designed for p Len-prre 
ind other rable peed application iW) 
the rubber nd molded istic inch 
tries, this late ddition » maker line 


Of process Cycle controll rs, desivnated 


is “Model GOSS-VO is characterized by 


id just ible reature hereby Cure can 
be altered to conform to change reysecie 
necessary by changes in dies or in on 

terials. The controller is) self-contained 








t 


Its motor ope rates one, wo oor. three 


leakless three-w L\ pilot Valves especial 
lv designed for use in process evele con 
trollers: without air leak and permitting 
ir to be admitted to or released from 
other pneum ithe 


j 


diaphragm motors (or 
fast iS desired 


power devices ) IS 
Though equipped with but a single cam, 
this controller makes possible a multi 
plicits ot id just ible cycles by reason of 
l two-speed cam-operating mechanism, 
said to be novel, which at end of evecle 
iutomatically speeds up cam rotation 
approx, 100 times to reset cam to start 


where upon 


ing position for next cycle, 
cam motor stops to await operators sig 
nal for new evele Motor is of synchro 
nous, capacitor type, totally enclosed and 
factorv-lubricated for instrument life, 
with high 
watts. By reason of three-way air valves, 


need only 


starting torque, ind using 7 


compressed air supply be 25 
lbs. /in. = The Rristol Co Waterbury 


(‘onn 


INSTRUMENTS 








*Shockless’’ Dial ¢€ rage 


Piitl 1 ( ‘ ‘ 
No i" ( N ‘i Sg ( Deu ile 





Cll od ( Cll a Lricile 

sere VOT ire ched bevze i 
ter Dre ho minal 1 ( ( 
i¢ Cu di dl ral ine | 

ri 1 (ie dial Most of tl ‘ ure 
ire i¢ ind ented. “No 6’ 
lian “No. 57° is 3 list th | ‘ 
13” maximum spindle travel; are avail 


ible in four dial graduation indicating 


Oo 0.001 or 0.0001 “No. 57A” metri 
vave has 7.5 mm. max spindle travel 
ind indicates to O.OL mm. All are aval 
ible either in plain bearing models, or 
completely jeweled) with genuine sap 


phires i,t Ifmes Co... Waltham, Mass 


Portable Testing Box for Relays 


\ new portable testing box for dis 


tance, reactance, or impedance relavs 
velghs 15 > Ibs., is ipprox. 9 siO’ x7 
vhen closed, and is) used ith external 





resistors ind reactors hicl re Liso 
port ible. It makes it possible for on 
man to perform in the feild 1 te di 


rectly re ited to the setting 


lay and it operation under tau condi 
tions \re resistance is simulated by an 
idjustable resistor No phase ingle 
meter is necessary, and the or calcula 
tion needed is the multiplheation of the 
fault reactance by a dia etting. Relay 
setting being based on = instrumet 
readings, errors of reading or calibra 
tion are eliminated. Connections can be 
made In a fe minute If test Dio iré 
used the box can be immediate tran 
ferred from one relay to the next 

(fene Klectrie ¢ Schenectady \ } 
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An 


Entirely New 


Potentiometer 


MODE! 


PORTABLE 


Alhambra Way 


\\ 


( 





\ 4 Lee 
1] ny 
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Pittsburgh, Pa. 
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POTENTIOMETER 





Vacuum Tube Voltmeter 


Ne “Model 1256 uum tube volt 
meter is said to be self-calibrating: wit] 
ceurin independent of changing tube 
Lite There has been developed L ne\ 


ube bridge circuit for this model, where 
DY the tube charact 


stabilized 
what the 
is there 


eristics are 
ith the cireuit, Irrespective of 


tube emission values may be It 


by self-calibrating and its) stability” in 
riving curate readings is said to. be 
issured. Instrument’s purpose is meas 
uring to i-c ind cd-<« voltages without 
current drain. It has ‘Triplett twin in 
dicators (tilting type), one is a galvano 
meter that indicates hen the bridge is 
in balance; the other is three-range 
oltmeter ith linear seales reading in 
penal r nd d-c. voltages. Ranges are 
2.5, 10 nd 50 volts. Case is metal witl 
blacl vrinkle finish. Silver and black 
ne C sise size, 7 X09. °x4 The 
Triplett Bleetri: lustrument Co., Bluff 
(? 
Adjustable Plug Gages 

\ me ine of adjustable plug TAL 

I mneced wu two tvpes said to pro 

rele "1 ete COVE ‘ 1! SIZES lig l 
eft head mm Sizes t Fie 

’ { V¢ l remain SIZES 





Pwenty-three standard sizes: min. of 
2 to a max. of 12 ilso specials 
Frames re f specially heat treated 
nd seasoned alloy iron. Positiveness of 
ock is achieved by using a flat on a 
ock bushing, which by screw adjustment 
binds against a straight flat on the anvil 
Gages mav be furnished either with but 
ton or pin type anvils Sheffield Gage 


(‘orporation. Dauton. Ohi 





Dial Indicators 
sad | ov 


full ie weled 


In these new Friction’ 


aicators, construc 


inced design and minimizatior 





of a low-pressure spring, result 


what is described as “extreme 


ind free iction enabling indicator 
to follow 


ly ind quickly ve 


surface variations 1) 
is said that ine 


Federa 
Nddy St... Prov 


point “does not bounce.” 


ucts Cor) 


R.1 


‘Shadowgraph”’ Scales 


This new over- and under-wei 


indicates by a shadow on an illu 


dial vale Slgn \ hich eliminates 


cating mechanism and thereby 


working parts by 30¢,, it is said 


lax errors are rendered impossible 


Claimed ilso” that the new as 


raph’ Is capable ot reg@isteru 
ounce of weight 


more travel per 





dial, at no sacrifice to speed ot 
tion. Working parts such as the | 


ball, beam and poise, weights and 


rack are ¢ mipletely enclosed, exc 


commodity or weighing platter 
“Shadow graph” mia be moved trol 
operation to inothe r without le 
“No 
hen hes may 
fectly as \ll 


Ing handles, ire 


matter how rough or unever 


be, this seale functior 


] 


model 


S equipped witl 

noiseless in ope! 
have rubber mountings: are oil-d 

controlled for speed of operation. | 
ination of dial is provided by st 
imp bulbs 
ble-contact 21 or 12 candle power 
Weight Seale Ce Ohi 


to inv bavonet base 


Columbus, 








y 

















Industrial Rheostat 
» have “extraordinary ability to 
ve rloads,” this new rheostat has 


ron frame into which is mounted 
ir block of the same refractory 





rial whieh is used in manufacture of 
Doreco” heating elements. Into this ma 


is embedded a Closely wound re 
r coil, Which a metal-graphite button 
ets under spring pressure. Cooley 

i¢ Furnace Co., 1411 KL 20th St 
! pots lid 


High-speed Directional 
Distance Relay 

Combining in one relay all the fune 
sof the three commonly required de 
ices, a new high speed, 3 ph ise, direc 
distanes relay, “Ivpe GCX 1A,” 
ires sitnply connecting the current 
potential transformer leads and the 
trol cirenits to studs on the case to 
plete the installation. It consists of 
ee starting units, three resistance 
ind one timing unit. In addition, 














ez ss tt: 


re 
ee 


uh mica ica 
es 














~~ 


ere are two instantaneous overcurrent 
ts, one for each of two phases, whose 
ction is to prevent tripping on fault 
rrents less than their setting. ‘These 
ts are connected with coils in series, 
th the current windings of the starting 
its and their contacts in series with 
main, tripping contacts. Each over 
rent unit has calibrated settings of 
i and 10 amps. Operating time on 
se-to-phase faults in proximity to 
relay will range from 1 to 114 eveles 
corresponding currents of 20 to 10 


's. Relay is mounted in a 20” \ 16’ 
se with an 18” 22” mounting flange. 


reneray Klectric Co... Schenectady, N 





Universal Microscopic and 


Microphotographic Equipment 


New *Panphot™ is said to represent 


the most universal a leroscope with pho 
tomicrog) iphic camera It is said that 
there is no method of microscopic obser 


vation which cannot be carried out with 
this instrument. Convenient arrangement 
for transition from visual observation to 
photomicrography fits it for routine lab 
oratory work as well as for research 
work where photographic records under 
varied illumination conditions are re 

quired. Instrument is equipped with the 
new “Panopak” which serves for illum 
ination of opaque objects, being a com 
bination of a vertical ithiminator and a 
darkfield) condenser for reflected light 
ind permitting quick change from verti 
eal illumination (brightfield) to indirect 
illumination (darkfield) KI. Leit Tne 

GO bk, 10th St... New York City 


Fulcrum Mechanism for 
Control Valves 


New “R-K No. 5) Fulerum™ was d 
signed for two distinet puroses: (1) 
Proportionalitu. for automatic conti 
This characteristic MAKES i Valve 


} 


equipped with this device suitable for 
operation — by ino automatic controller 
without hunting at low loads where 

small movement near the seat may rep 


resent LOO change in. flow With the 





new device, as fulcrum point is nearest 
valve stem when valve is on its. seat, 
equal increment of lever movement im 
parts proportion itely shorter stem move 
ment. (2) Smooth ‘comimng§ off seat. 
This characteristic, desirable in operat 
ing single-seated valves, is an obvious 
consequence of lever ratio being great 
est when = valve is on. seat Ruaales 
Nlingemann Mfa. Co Salem Vass 

















The Mark of 
Effective Control 


Process Control for sensitive. stable 
automatic control of temperature. 
pressure, liquid level,flow and other 
factors as applied to industrial 
processes. Responds to changes 
quickly,without overtravel or hunt- 


ing. Ask for Bulletin No. 101. 


Combustion Control that is simple 
but complete for providing econom- 
ical operation 
of boilers of 
200 h. p. and 
larger. Details 
in Bulletin 
No. 102. 


Boiler Meters 


for recording 





combustion 


Recorder-Controller 


conditions and 
guiding boiler operators, Described 


in Bulletin No. 44. 


Multi-Pointer Gages for indicating 
factors such as draft. pressure, tem- 
perature and speed. 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 
cating, recording and 


integrating the flow of 


Control Drive 


steam, water. sewage, 
air. gas and other fluids. Bulletins 
No. 39 and 300. 


Recorders for pressure, temper- 
ature, drafts, liquid level and other 


factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 
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New! 





AUTOSYN 


SELF-SYNCHRONIZING 


MOTOR 


TYPE | 


Type | Autosyn motor is a 
reasonably priced self- 
synchronizing motor with 
superior performance char- 
acteristics. One transmit- 
ter may operate as many 
as six receivers. Practically 
any system of remote indi- 
cation or control may be 
solved by the selection of 
the proper type of Auto- 
syn Motors. 


FEATURES 


|. Conventional Motor mount- 
ing interchangeable with 
most standard self-syn- 
chronizing motor elements. 

2. Approximate accuracy: Two 
degrees. 

3. Maximum torque 14.8 inch 
ounces. 

4. Safe continuous operating 
torque 5.6 inch ounces. 

5. Brushes carry no current 
during synchronism. 

6. Enclosed inertia dampener 
reduces oscillation to maxi- 
mum of 3 seconds and is 
adjustable to suit. 

7. Dimensions: 354”x39 /16”’x 
534,”". 

8. Weight: 5 Ibs., 12 oz. 

9. Low current consumption 
and temperature rise char- 
acteristics. 

10. Voltage range for accurate 
and safe operation, minus 
20°, to plus 10% normal 
rating. 


BENDIX MARINE 
PRODUCTS CO., Inc. 


754 Lexington Avenue 


Brooklyn, N. Y. 
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Universal Automatic-control 
Mercury-switch Mechanism 
| nique in its interchange ibility ol 
Prinary rie elements, the ne\ 
“Durakool  ( 
prises two main 


suring 


ondition Controller” con 


issemblies: (1) the rear 


taming the rave 


portion, cor 


periodic clamy 


ete, and (2) the front plate, carrving 


desired type form of instrumen 


responding to temperature, humidity, 
pressure, speed, flow-rate, illumination, 
ete. For example, the front plate issem 
tot shown mn yhantom™” effeet in’ the 
ih ion carries condition- respon 
ive elem i ne form of spiral 





} 


hich might be either Di-mmetal ther 


mometric element for temper ture con 


trol or a hygroscopic element for humid 


ity control. The essential requirement is 


that the condition reSponsly¢ element be 
of the pointer deflecting form. Its point 
er is not required to perform mechanic 
being periodically cl 
the galvanometer pointer in 
trical recording instrument. The uni 


Work, unped iS IS 
L relay-type 
elec 
versal mechanism consists essentially of 
motor, a 


in electric-clock choppe r-bar 


mechanism, a means of setting the con 


trol point tron outsice the Case, ind 


“Durakool” mercury switch ot iny 
capacity up to BOO) amps Durakor 
/ f \ Van St... Elkhart. lind 


Automatic Load Center 


\ sn tutomatic multi-breaker load 

center re laces the conventional fuse and 

switch combination for the protection 
nd distribution of power i sm ll build 
s. Latest design has same interrupt 








; > we 
vious desig ol et re iker Capac 


ities will be 15, 0, PS. 35. and eventua 


ly 50 amps single-pote With mechanica 


connection for 3-wire service when de 
sired Westinghouse Klectric A Viti 
Co., East Pittsburgh, Pa 
( Detroit. Mich 


ind Square Db 


reury switeh, 


ping device, driving motor, 





Room Thermostat 
“Hold-Heet U3" has lars 


it top ind bottom of case for 
with 


unusually large 


culation, together bDimet 


said to have 
surface to WSS, 
this combination 
vIVing quick re 


sponse to ch Inging 


temperatures \c 
CUracy guarantee 
IS t l In 15 
range ind differ 
ential u 0.5°F 
Is of “heat antic 


Ipating” type, with 


magnetic sn ip ac 


tion, for 2-wire on 

3-wire circuits 

Bakelite base is 

344 ¢ one, | j 

vide Russel 

Klectric Ce 1 Iluron St 
/ 


Solenoid Relay 


This new sensitive relay, 


especially tor operation vith 


unplifier operated) by photoce 


is in the form of a cylinder 1 
long: 3” overall includ 
ind Octal base. Use ot 


x 216 
SsCcTeNM 
base eliminates 
facilities insertion or. removal 
circuit 
tion and gravity ; 


Relay operates by sole 
has no spring; 
top adjustable pole piece nd 
for adjusting to desired) drop 
pull in value of energizing currer 
be furnished with coils wound 
tically in 
practical coil wattage, for all 
0.0382 watt, but can be adjusted 
watt 


double-throw, with 


is 0.020 

single pole 
break on both threws and sep 
lated contactors. Silver contac 
contactors will handle 100 watts 
circuit 
metal, 


Internal iron parts ire 
plated Relay 
opened for inspection by removit 
bottom of she 


cadmium 


small push pins at 
does not require unsoldering base 
Lite Laboratories, 2920 s 


lnadgeles. Calif 


feouste 


mount Ave. L 


; Tar Cowrac' 
G 


Ties: 


lA rs 
WTAGTOR 


Borrom ConTacrs 








soldering ol ire 


resistance value Mir 


Contact irrangemi 








J 

















ns tubing, when viewed 





strial Thermometers with 
Easy-to-read Tubing 


rv-in-glass industrial thermom 
small-bore eylindrical tubing 
een difficult te 


ve and under favorable illum 


read except it 


ination. Various forms of 


tubings have been devised 


>» for improving readability 


The “lens-front” design 














magnifies the ipparent 


vidth of the mereury col 


unin ind hence permits 
reading from oa greater 
distance but the ingie of 


narrowed to oa 
Phere 


forn 


Vision Is 
few degrees of are 
is now announced a 
of tubing with “more than 
twice the accustomed an 
rle oft 
with high magnification of 
column.” ‘Phe 


designated 


Vision combined 


the mercury 
ney tubing, 


«°° (binocular vision), is character 

triple-lens front, the center lens 
nly magnifving the mereury column 
said to be “so formed that the in 
ity of light concentrated upon the 


greatly increased.” 


said to 


eurv column ois 

outer lenses are “oper 
gather much more light and focus 
background di 


m the contrasting iy 


tly behind the mereury column.” Still 
ther characteristic is said to be the 
ination of “empty-bore reflection” 
ffeet which is said to make the emp 
ortion of the bore of “conventional” 


from “even a 


ightly unfavorable angle,” appear to 
mtain mereury. The legibility of these 


further 
d black numerals and graduations on 


thermometers is iided by 


m-tinted non-tarnishing scales 


Instrument ¢ ompante xs, Rochester, 


Tyndallometer 


This newly-introduced instrument is a 
rtable photometric equipment for de 
dust 


nining content in) air (as in 


re ind other places where the danger 








of silicosis exists) by measuring the it 

tensity of the ‘Tyndall beam princi 

ple said to have been verified bv exten 

sive experiments It. Leit Live I 
th St Vex Ve ric UH 


Calibrated Mercury Switches 

Mercury switches of radically new ce 
sign and construction, announced in 1 
9-, 10-, 20-, 50 ind BOO unp 
ire said to ditfer in operation from con 
ventional mercury switches in that they 
each open ind close at ex ictly specified 


ingles--these angles not only remaining 


the same throughout the life of the unit 








but being load or. of 


independent of 


speed of operation. It is claimed, there 
fore, that the new switches may be em 
bodied in precision mechanism whose ac 
curacy depends on the invariability of 
After 


iecelerated breakdown and ac 


switch characteristics several 
vears of 
tual-service tests, makers assert also (1) 
that operating life of new 
conventional-design 


device ex 
ceeds that of 
switches, and (2) that the new heat-dis 
sipation principle is the efficient 
vet. Whence, the “Durakool.” 
Among other characteristics are the fol 
Differential angle as speci 
(2) No “top” 
id just 


THOSs| 


name 


lowing: (1) 
fied, between 1° and 4 
ind “bottom” requiring careful 
into mounting, because operating 
itround in 


ment 
surface extends all the way 
side; (3) No glass, no glass-sealed un 
dersized inleads; (4) Metallic envelopes: 


(5) Special ceramic insulating parts 


would 


containing no mineral oxides that 







. 


< SEAT Aitiemeauaat nents o 





= FA 
Nt 


iffect mercury: (6) 


Mercury purified by 
new method assuring invariable menis 
filling 
ibsorbed as 


CUS: 7) Vapor which will not 
would hy 


which dissipates heat ett 


leak iV t\ or be 
drogen, ind 
ciently: (8) No- radio 
Durakool, In Vo. Mai 
hart, Ind 


interference 


St.. E 


capacities, 











RELAYS 


ELECTROMAGNETIC 





A.C. RELAYS, TYPE A 


New, low high quality re 
lays of new improved = design. 
| to 4 contact stacks which may 
be make, break or break-muake. 


cost, 


1 sizes of contacts, 2 to 10 amps 






Frequencies, or 60 cycles 
on 


Coil voltages, 2.5 to £25 





D.C. RELAYS, TYPE E 
An excellent relay for accurate 
adjustment. Supplied in 25 ratings 


i‘) 

= - 
“Ti —SsS 

BU SWITCH 





D.C. RELAY 


WITH ONE or TWO BURGESS 
MICRO-SWITCHES 

io amp. capacity with make, 

break or breank-made contacts. 


3, 
= 


{= 





TWIN-LATCH RELAY 
A self-locking relay. Can be ar 
ranged for both electrical and 
mechanical inter-lock, 


G-M LABORATORIES [NC. 


1732 Belmont Ave., Chicago, U.S.A 
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Let us quote you 


on complete 


METALLIC 
BELLOWS 


Md - 


H i S¢€ as 
h i pressure 
I gas seals 
il S They are 
1ecé tn Va l, 1eta 
t g € X ess de 
ed t purpose 
i he ‘ VS Na except 1 e cna 
i t t the aut it testing of 
t Na gina tented 
1 I ing f{ ess, and to the freedom 
dD I ict engagement 
M t val ing the If 
erat 
I easi ers i ict ers 
1 i j e satis 
i supp the mpile 
€ x asse plies We ive tne eq Pp 
ent 1 the are please with e 
Let te y ete De lows 
\ . 2 
We are i V lfacturers Of be 
i Ws semblies athe tha 
ted devices 1 porating same, with 
the intent of avoiding any m 
tive situation between ourselves and 
istomers We dk . however, produce 
t ir customers’ specifications complete | 
es invol g bellows 





CLIFFORD MFG. CO. | 


564 East First Street Boston, Mass. 
FACTORY REPRESENTATIVES 
Riley Engineering Corp., 1481 14th St., Detroit | 


Franklin G. Slagel, 923 East 3rd St., Los Angeles 
J. J. Shriver, 221 North La Salle St., Chicago 
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X-ray Film Projector 


rie projector measures 10” over 

nd with the screen can be used in 
2-ft. space It has an achromatic lens 
ith veare d focusit uv cle vice which brings 


out minute detail on the film in greatly 
magnified form. It is said to take “any 
Burton Vfu (“ 60 \ 


Chicaaa. [ll 


SIZ film.” 


Vichiaa lve 


Car Battery Tester 


New 


determines the 


model “KE 
percent ot 


142 Battery 
useful 


Analyzer” 
pl ite 
life remaining. .\ chart, mounted on the 
panel, explains the amount of remaining 
pl is indicated on the etched dial, 





battery life ap 


remaining 
parent to the car owner. Other features 


thus makes 
are a moving-coil indicator (with bal 
ance line), chrome-plated etched plates, 
adjustment to battery temperature, ad 
justment for plates per cell, individual 
cell testing facilities, ete.—Allen Electric 
and Equipment Company, 2101-2117 
North Pitcher Street, Nalamazoo, Mich 


igan. 





Low-range Pressure Reco: 
and Controllers 


Equipped with liquid-sealed 
measuring elements, these new 
to maker's line of pressure inst 


ire iwallable for pressure or 








ranges, minimum 0 to 0.2 inches of 
ind maximum 0 to 2.0 inches of 


“Free- Vane” 


Instrume nis a 


Controllers employ 
of air pilot (see 
page 9) and are equipped with 
set” sensitivity adjustment (se¢ 
156) for 
range to applicati 
“Model D 40 My, 


housed in maker 


ments, June 1936, page 
ing throttling 
Designated as 
instruments are 
case, for wall and flush panel moi 

The Bristol ¢ O.. 


Waterbury. ¢ 


Float Operated Switch 
Consists of a mercury switel 
float ittached to the he 
means of a flexible metallic bello 
the float 
the mercury 
Unit 
i horizontal position directly int 
or vat, at any desired height. Whe 
i height that will move 
switch makes contact to 
a light, or to start 
other « 


which is 


switch moves through 
switch makes and 


contact. shown can be sere 


reaches 
mercury 
an alarm, flash 
tor-operated pump or 
device. This particular unit is us¢ 
cut-off switch to 
burner or stoker when boiler wate 
falls to danger point. A device of 
lar design is equipped with a three 


low water 


switch so that it makes one circ 
breaks another when the fioat is 
through its are by rising or 
liquid level. Several models: In 





also built 


to type shown it is 
float chamber with tappings for « 
ing pipe connections to the ta 
vessel; also made for installation 
gage glass tappings of a tank or 

McDonnell §& Miller, Wrigley 
Chicago, Ill. 


























athode-ray Oscillograph 


‘Model RFO-1” has a 3” No. 
ind a built-in frequency modu 
designed with unit panels where 
grouped on front. 


controls are 


‘ia 


e 


ined power supply operates on 
Upper left 


50 to GO-evele ace. 


right panels are for vertical and 
ontal deflection-plate controls — re 
ectively; each has gain and_ position 


knobs and a 4-point switch for con 
ting unplifying 6C6 tube, 80 ke. sinu 


dal trace, ete. Tube panel has focus 
| knob and intensity control knob 
ilso serves to disconnect oscillo 


ph. Lower left panel, for svynehroniz 


permits selecting sub-multiples of 


vele saw-tooth sweep or to lock hor 


| sweep with any frequency ap 
d to vertical plates. Lower center 
nel contains step and vernier control 


oscillator: eight steps, 


between, to 


f sweep circuit 
overlapping 

‘ing In any frequency between 15 and 
right ) 


permits 


permit 


eveles. R-f. panel (lower 


tains control which 
ving from 2 microvolts to 8 volts, and 
vvele sweep control for width of fre 


oscillator. This 


output 


vy modulation of r-f. 


1 


tion may also be used as an elec 


nic frequency modulator. A calibrated 
reen is supplied with this oscillograph. 
imensions 11” 13" <1514,"” deep.—The 
l k Electrical Instrument Co., 1051 
lve., Cleveland, Ohio. 


/ 


Micrometer Calipers 


New design of 1” micrometer calipers 


mobines utility of “C” frame with ad 
ntages of maker’s old “No, 12” and 
No. 18” design. Narrow (1165”) anvil 





F 


permits measuring deep in slots. 

me is said to be proportioned for 

ength and rigidity. Available in 0.001” 

in 0.0001", with without ratchet 

with or without tungsten carbide 

in on spindle and anvil.—Brown §& 
I ir pe Mf aq. Co., Providence, R. I. 


or 





Oil Circuit Breakers 


Re-ce signed “Purbolator” indoor types 
of oil 


Pass 


ire sald to sur 


latest tandards 


circuit) breakers 


require nts of 


Principle of are extinction effects quick 


quenching ot LPe, reducing irc length 


ind tank ind minim Ing con 


tact 


pressure, 
burning. Available in 


7500 and 15, 


HO0 to POO 


UnpS., 1) volts, in inter 
9 


rupting ratings from 10,000) to 250,001 
kva. Illustration shows 50,000 kva, 600 
ump., oil-tight, common frame breaket 
with bushings reversed from makers’ 
usual arrangement. Among constructior 


features are special loy steel heads to 


reduce heating, Bakelite insulators with 
special grounding shields to prevent 
corona discharge, self-lubricating bal 
inced mechanisms Roller-Smith Co 
4 W lworth Bldi F Vex York City 


Incandescent Lamp Blueprinter 


A 24 36” model has been added 
to the line of Angstrom lamp Blueprint 
ers. This one is double the size of pre 
vious models. Essential features of the 














older model are retained, including the 
use of incandescent lamps as a_ light 
source and elimination of the belt feed 


by the flat bed printing surface. A heavy 
duty timing switch has been developed 
for automatically breaking the heavier 
current. Forced ventilation prevents ten 
dency to overheat. Economy of opera 
tion is claimed for the new model with 
a cost for prints approximating 50.013 
ft 2. Milligan Y Wright C'o., > West 
Third Cleveland, Ohio. 


St., 


Royal Berlin Porcelain 


HIGH TEMPE \ 
lworM 1 CIN \ VV 


COMBUSTION TUBES 
AND TUBING 


K MASS 
Catalogue RB 250 on request 


K-82 MASS 


Further information on request. 


Jena Grote Apparatus 





| 
ohir 1 + 
nct wna M 
L | ] } v 
n 
Ri¢+ 1 + 


Rapid, Accurate and Reproducible. 


Further details on request. 
U. S. Distributors 


_ FISH-SCHURMAN CORP. 


230 EAST 45th STREET 
NEW YORK CITY 
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UNIFORMITY 


ONE TEST IS WORTH A 
THOUSAND EXPERT OPINIONS 





he dead-weight automatic indicating 
system in the Riehle Precision Hy 
Jraulic Testing Machine has no 
springs, no levers True, uniform re- 
sults are positively assured. The diam 
eters of the main and measuring 
plungers will not change as there is 
no friction in any parts of the weigh- 


ng unit or those connected to it 


No recalibrations are necessary 
in the Riehle Precision Hydraul- 
ic Testing Machine. 


Write us—ask us to send you bulletin 
describing this and other Riehle 
Tusting Machines 


RIEHLE 
DIVISION 


AMERICAN MACHINE AND 
METALS MANUFACTURING CORP 


EXECUTIVE OFFICES 
100 Sixth Ave., New York City 


FACTORIES 
East Moline, Illinois 
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Plugs and Receptacles 


Ne 6-pole multiple circuit plugs and 
eceptacles, rated 10 amps., 250 volts are 
tilabi for instrument circuits, ther 
mocouples, remote control circuits, ete 
Llousing re heavv gage drawn steel, 
dinttun plated. Contacts especially the 
rincide contacts ire protected DN thre 
1} elite insulation and the steel hous 
ings. Plugs ean be inserted in only one 
tbat Nile ind female contacts are 
elf igning thev are irranged to 
| tou thre msulation Bavonet hocking 


Lo, NEO, eee 
er aM. a a 
ay 


ie FE 
aN wo” 
wcidental separation iS 


device prevent 





ist and a pull is required to move 


he plu Rubber packed cord clamp re 
ieves Strain from the wires at the con 
ict terminals, ilso excludes dirt ind 


moisture from the terminal connections 
These plugs and receptacles are avail 
ble in two forms of interior assemblies, 


rrange <0 that when in use it is im 


possible for the oper itor to touch live 
mtacts Pule-Nationa (% \ 
\ / lee. Chicago, 1 





Measuring Microscop: 
his newly-introduced it 


serves for the control of thre 


ind angle, profiles of workir 


ete. It Thats likewise be used for 
measurements of the distances 
drill holes in jig plates and other 
sion measurements in the wor 


E. Leitz, Inc., GO EB. 10th St.. Ni 


c 


Flow Control Systems 


several ne svstems tor tuitomaty 


control of rate of flow of liquuids, vapors 


md vases in piping svstems are an 
nounced. In each, the primary flow-rate 
Tiie suring element Is a “Rot uneter” (Se 
lnstrume Is Dec 1933, pawes 222-25 






FLOW CONTROL 





VALVE 

¢ ox} C s] 
NY 

xs, 

jomme} 

+ = 
t) ¥ Yb 
+ 
@ ELECTRONIC FLOW 

CONTROLLER 
These ne svstems differ fron the one 


described in our April 1935 issue, page 


14, 1n that thev embody electronic paw 


or energizing the valve-oper 


devices. They consist of (1 i stam 


netic extensior o the float in the 
eterin Tube, y i. divided transmitter 
ched to the Rotameter 3 thre 
divided 
recelvil mauctitor coil, erid controtited 
electron tubes nad arive motor ener 
ed by he tubes and 1) the flow con 
trol \ ve located in the same line s the 


totameter nad driven bv the motor 


Illustration shows a typical 
ith the flow controller oper 
control valve directly through me 
eal linkage to the drive motor 

housed in the same case as the 1 
the control equipment. \ recor 
shown, operated from the san 
mitting svstem as controller but 


nected thereto. (In a different ho 


the electronic controller operates 








TRANSMIT TER 
iT T 
AC SUPPLY 
lve in an air line to a diaphragi 
in the main line. This arranger 
used where it is desired to keep 
ind other electric equipment av 
the process flow lines.) A “trend 
ing” system causes the movement 
by the control valve to be rapid 
deviation from the desired contr 
is great, and slower as the contro 
is approached. The controller is « 
ith adjustments for sensitivits 
it can be “tuned in” to process 
ments. Overshooting and = huntu 


said to be eliminated Schutte 


( th & Thompson Sts PP? 























evelopment and Principles of the Gyropilot 


By PRESTON R. BASSETT 
1913, aviation and the Sperry Gyroscope Company Vice-president, Chief Engineer 
Sperry Gyroscope Company 


Brooklyn, New York 


re young and unrelated, but Elmer Sperry’s son, 
iwrence, was interested in flying. His shop talks with 
ither brought out the need of more stability in thos« 






























tirplanes and Elmer Sperry, eagerly looking for new 
for the gvro, saw the opportunity. The two enthusias Fig. 
Sperrys combined their hobbies of gyros and flying and 
in ingenious contrivance which they took to Paris in 
I Soon the newspapers were carrying stories of young 
wrence flying his airplane without touching the controls. 
even stood up in his plane and his mechanic climbed out 
he wing, while the Airplane Stabilizer, as the Gyropilot 
called, flew the ship. (See Figs. 1 and 2.) These per 
ances won the Grand Pria at the Paris air meet that 
ind the Sperry gyro obtained its first international] 
fame. but the idea was ahead of its time. Airplanes were small; weight was 


at a premium, and during the World War the more practical approach to 
stabilization was found in designing airplanes with more inherent stability 


In the lean vears following the war, aviation’s problem was not so much 





to design new material as to develop peace-time uses for the airplane. The 
air mail laid the foundations of air transport. Then, a vast and efficient 


ground organization made it possible for passengers as well as mail to be 


i rpl ine created new 


carried. The advent of the large passenger-carrving 
uses for the automatic pilot: the human pilot's increased responsibilities 
called for mechanical aid to relieve him of routine physical duties, and 


weight was no longer a barrier. The 1926 model (Fig. 3) weighed about 160 


1 
+ 


pounds, but it was small enough to be completely contained beneath the pilot's 
seat. Experience with this unit in turn pointed the way toward the nex 
engineering steps. Our 1930 model (Fig. 4) consisted of two gyroscopes 


horizon gvro and a direetional gvro— both driven elec 










Fig. 2 1914 
Stabilizer” with which 
iwrence Sperry won 

Grand Prix. Note cock- 

mounting. 


Fig. 3 1926 
First Gyropilot installed 
n a large transport 
plane (Ford Trimo- 
or). Note location 
inder pilot’s seat. 


Fig. 4. The 1930 Gyropilot—greatly re 
duced in weight but still too cumbersome 
to be mounted on instrument board. 


INSTRUMENTS 


September 1936— Page 25 








vd ng electric trollevs and contact pick-offs 
be noid-operated clutches were commanded by the trol 
1 conta circuits. The servo power Was obtained 
‘ 1-d fan which imparted constant rotation 
power shatt against which the solenoid clutches 
) This nit Was a step tar in idvan oft thre pre 
‘ rplane pilot. and we 
\ } ) d ot th ichie VveTonen 


ght down to 
ight of 


ihout 120 Ibs. The unit. how 


ting the we 


ss than the we iman 


r. Wi of such dimensions 
hat it could not be mounted in 
front of the p lot On our first 
nstallations we had had to locate 


tt under the pilot's 
the 
compartment behind the 

Meanwhile, 
rate blind fiving instruments. 


the 


Givro- Horizon, had successfully 


the Gaver pile 


it. behind it, or even in 


bavonwe 


wkpit two sepa 


thy Directional Gy ro and 


ind their air 


Deen det Ve lope d,. 


driven gvro elements were now 


ncorporated in the Gy ropilot. 


lwo further improvement 


N 
Po 4 
> oy 
Sy > y 
\+ ~ = ~ 
‘“ 
‘ 
> 

680°‘ 
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necessary betore thre Gy ropilot could bye 
First. the yf the 


smooth instead of jerky as 


were con 


practical. motion control surfact 


} 


be made was the cas 


the clutching system. Second, it was desirabl 

the control units in front of the pilot where he ce 
them and, ¢ spe cially, where he could reach them ¢ 
the necessary adjustmen 
could then 


two g2vros 


either as blind flying 
ments or as automatic 
units. The first equipmen 
the s¢ 


lbs.. 


hydraulic 


met requirements 


60 smooth and s 


controls ) Wa 


ished just in time to 
stalled in the Winni 
Wiley Post and Harold ( 
had completed their rx 
breaking flight around 
world, but Post, not cont 


wanted to beat his other r 
alone, with 
relief 

started alon 


flight 


hours 


by flying on 


Gyropilot for On 
15, 1933, he 
his around 
aiter tal 
off from Floyd Bennett | 
ie he landed 
tigued and with high prais« 
his Sperry Pilot (Fi 


had 


installations ot thi 


second 
world. 186 


there again, 





1933 


on 


Fig. 5 
First appearance 
instrument panel. Gy- 
ropilot installed in 
the Winnie Mae. 


) 


Gyropilot arrived! S 
then 
tvpe have proceeded unt 


more than 200 


there are 
= 9 shes , 
Fig. 6 1936 Over a million miles a 
Typical air transport 

are flown automatically 


installation (Sikorsky 
S-42). Gyropilot unit 
in upper center of 
instrument board. 


their aid. 


PRINCIPLES OF OPERATK 


A solid body in space ha 
degrees of freedom, three of translation and thr 
rotation. An airplane in flight is satisfactorily 
strained with respect to translational displacen 
but possesses all three degrees of angular fre 
so that stabilized flight requires control of its 
tion about three axes. For this purpose an airp 
the for 


for climb and the ailerons 


has three controls: rudder direction, 


elevator for bank 


Gyropilot consists theretore of three contro! 
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he ~ ea 
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Fig. 9 
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—* Fig. 10 














me, actuated by the Directional Gyro, con 
rudder (see Fig. 7); the second is actuated 
Bank and Climb Gyro and controls the ele 
the third, which is also actuated by the 
ind Climb Gyro, controls the movements of the 
Is. 
lance at Figs. 7, 8 and 9 will show that two gyro 
elements can provide the three essential indica 
In the Sperry Gyropilot one such 
it constitutes the Directional Gyro 
other constitutes the combination 
ment known as the Gyro-Horizon. 
Directional Gyro is a free gyro 


to which a compass card is at 


with the Bank and Climb Gyro. ‘To illustrate the action 
of the Gyropilot, only the aileron control will be dis 
cussed. The rudder and elevator controls are operated 
automatically in a similar manner. 

Fig. 11 is a schematic diagram of the aileron control 
The air pick-offs, X NX’. have been drawn at an exagger 
ated angle (corresponding to an excessive degree ot 
bank) to show that in a bank the air port 1)’ in pick-off 

X’ is shut off and air 
port LD in pick oft x 1S 


opened, so that air can 


, 
SUCTION] y not flow through LD’ but 
PUMP : 
heaeey can flow through D. The 

VU U ON REGULA 


flow is) induced Ly the 




















d. It rotates with its axis horizontal. y 7 same suction pump which 
ins of a knob it may be set to the | ae — drives the — turbine-like 
course as the magnetic compass HY ————— bank and climb gyro 

h which it must be periodically com </ When the airplane is in 

d. and reset if necessary ). In Fig. 7 level flight. with its lat 

is been set to North = 5 eral axis horizontal, both 

| its card reads 315 . | pick-off ports are open 
iirplane heading ex equally; but when the 

thy NW. Lirp lane tends to- roll, 
the Gyro Horizon ye one’ port starts to close, 
Bank and Climb gyro) ; immediately creating a 
rotates with its axis Y-Y’ differential pressure 
ertical. It simulates the 7 ‘ which moves diaphragm 
natural horizon and indi F) \ K. of the air relay. In Fig. 
ites to the pilot the an oul ++ 11 it will be seen that the 
gular positions of the air Fk ir which enters the right 
plane’s longitudinal and © Ny hand side of the air-relay 


lateral axes with respec 
to a horizontal plane. 
hus in Fig. 8 it indi 
cates to the pilot the 
movement of the airplane 
na glide; in Fig. 9 it in 
dicates to the pilot the 
movement of the airplane 
in a bank. This gyro 








eet from — the atmosphere 


through the screened air 


=a d 1 i p h ragyvm chamber Li 


intake) is drawn through 
the tubing and through D 
to M, while the left-hand 
side of the diaphragm 


chamber, having its con 





must absolutely main 





tain its vertical-axis posi 
tion, and it is held to it 
it all times within a frae 


] 4 # necting tubing dead-end 
y ed at D°. is at atmos 
yy lne ric pressure. Conse 


quently, diaphragm FE. is 


shown moved to the right 





tion of a degree, by the 
irrangement — illustrated 
schematically in Fig. 10. 
our pendulous vanes 
ne of which is shown at A) are added to the under 
side of the gyro housing. Each one of these vanes parti 
illy covers one of the four air ports, B, that exhaust the 
‘ir from the turbine gyro compartment. When the gyro 
leviates from its upright position, gravity holds the 
ines vertical and one vane will close one port and the 
pposite vane will completely open its port. The force 
f the air coming from this open port will move the 


vvro, in the direction C, back to its normal position. ‘The 


irrective movement, C, at right angles to the air force, 
‘precession,’ characteristic of all gyroscopes. 
Both these gyros are in effect miniature air turbines, 
riven by air suction. ‘he same pneumatic system which 
irnishes the power to drive them constitutes also three 
ts of ‘nerve systems” commanding the three “muscles” 
lich operate the directional, longitudinal and lateral 
mtrols. The changes in attitude which are visually in 
cated to the human pilot on the dials of the Gyropilot 
iuse the controls for automatic flying to be actuated 
rough three systems of air pick-offs, each forming the 
rst stage of a ‘nerve system.” One set of air pick-offs 
embodied in the Directional Gyro; two are connected 





Fig. 11 To most readers of Jn 
struments this pneumatic 
“nerve system” will not 
seem unfamiliar, resem 
bling some industrial and laboratory air-operated auto 
matic regulators. The Gyropilot’s three “muscles” —hy 
draulic servo systems using oil as the operating fluid 
will likewise seem to be counterparts of industrial 
hydraulic controllers—even to their individual follow-up 
systems. 

The air relay is connected by means of piston rod W 
to pilot oil valve G, a balanced valve of standard design. 
which operates the hydraulic servo unit positively, by 
admitting oil to one side or the other of piston J. When 
the airplane is in level flight and diaphragm E cons¢ 
quently in mid position, pilot oil valve G is likewise in 
neutral and no corrective action is taken by the servo 
unit. In Fig. 11 a corrective action is shown taking place, 
oil under pressure moving piston J to the left and oil 
being drawn from the left of the servo cylinder to the 
oil sump N. Piston rod V-V’ being connected to the 
aileron control cables, the ailerons are operated to re 
store the lateral angle to zero. 

While a small amount of hunting is permissible in 
many industrial applications of automatic control, the 
least noticeable trace of it in the performance of a Gyro 


INST RI 
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ome 








pilot would prejudice passengers and pilots against auto 
flight 


shown in Fig. 11 


matic Over-control is prevented by the follow-up 


A cable 


runs up to the follow up pulley S on the 


svstem connected to the servo 


piston rod if [ 


» ) 
Fig. 12 P 


Phis pulley controls gear T which is connected 
to a gear on air pick-off X. As soon as piston J starts to 
the left, the gear moves X down and X’ 
retarding the further of the 


Ihe Gy ropilot s mode of control is much like the be 


move to up. 


thereby movement aileron 


havior of a good motorist who, when rounding a corner, 


starts returning the wheel slowly until his car is straight 
ened out on the new course. Control may be adjusted 
with micety by means of the speed control valves, Z, 
which regulate the speed of oil flow to the pistons. 


Safety valves, P, permit the human pilot to ove: 
the Gyropilot while operating. 

Fig. 11 shows also some parts of the Gyropilot 
are common to its three automatic-control systems 
the human pilot flies the airplane manually for tal 
or landings, valve R is opened, permitting the oil 
culate in either direction through the by-pass 


all three servo svstems. The suction 


piston J in 





” 


lator, O, keeps the vacuum at 4 


speed of the suction pump, which varies with the s; 


of the motor. The oil carries the 


and Q regulates the oil pressure from the pump. 


sump, N, reserve 

The arrangement of the cable connections of all 
automatic-control svstems of a typical Gyropilot it 
lation is shown schematically in Fig. 12 which br 
out in particular how each servo piston rod forms a 
of lo 


evlinder servo unit, which weighs only 9 Ibs. 


each main control cable. Fig. shows 





1s50—Dimar 


\W eston 


home in 


hd 


‘trical 


chairman of the 
August 20, at his 


founder and 


died, 


[)r 
bile 


\\ ‘ ston, 


Instrument ¢ oryp., 


ird 


Montclair, N. J 
Weston 


I nyviand 


Lr is born May 9, 


Ilis « 


1850, at Brynn Castle, Shrop 
irly gained in Wolver 
hampton, Staffordshire, a town of mining 


shire, education was 
ind metallurgical interests, and the young 
man soon beg in experiments with l view 
to understanding the phenomena oft dy 
namic electricity 





\t 16, young Weston delivered a pub 
lic lecture on the subject. His parents 
desired him to study medicine and den 
tistry; his refusal made it necessary for 
him to strike out for himself, which he 
did, landing at New York on his twen 
tieth birthday in 1870 

Ilis rst work here was with a com 


panvV manu 


; . facturing photogr iphic chemi 
In its research laboratory he per 
De. Wes x fected the manufacture of collodions \ 
vear later he improved the crude process 
then used in nickel plating. To him is 


needed in rege part credit for the fundamental process of 
MK { in industry of today 

Hlis next experiments resulted in the construction of the first 
electr iti dynamo in 1872. Field regulation of a dynamo, 
due to his research, is still the method in universal use. The 


Weston dynamo entirely replaced the primary battery as a 
source of current for all metallurgical work, revolutionizing the 
industry. Dr. Weston devised the laminated core which in 


creased dynamo efficiency from less than 40 percent to over 90 


percent. He introduced slots for embedding the armature con 
ductors, low-resistance symmetrical armature windings, low 


armature reaction, ventilated cores, short and compact mag 
nets, all tending to secure high efficiency and good regulation 


INSTRUMENTS 


Page 254—Vol. 9 


Weston — 1936 


He. regardless of 


the thr 


The Weston Dynamo Electric Machine Co., incorporates 
IS77, became the Weston Electric Light Co. in 1879, and 
vears later was consolidated with the United States Ele« 
Light Co., with Weston as chief electrician. He was th 


the commercial manufacture of are 
In 1878 he patented are light carbons chemically 


to work out 


imparting a metal vapor. The flaming are, embodyin 
inventions, has come into general use. His improvement 


the incandescent lamp were of even greater importance 
working them out he built in 1876 the first electric 


perfected the carbon filament, and made the incandescent 


1 commercial possibility. He also devised greatly impr 
mercury pumps for exhausting air from bulbs and devel 


n accurate method of 


measuring a lamp’s capacity 
The Weston cadmium standard cell was adopted as 
of electro motive force. 


ternational standard 


In 1885, Dr. Weston perfected an entirely automatic 


lator and indicator for central stations 


he built 
purpose of developing convenient electrical measuring U 
ments, the Weston Electrical Instrument Corp 
formed in 1888. With accuracy in he invented | 
special tools. One is a drill so small that the operator is ob 


In ISSO 


ind 
view, 


to use a microscope 


In 1888 he brought out the first line of direct-reading 


trical instruments. To his genius are due also the moder! 
ternal shunt and the allovs “Constantan” and “Mangani 


It is impossible to enumerate all of Dr. Weston’s invent 


Karly in his career he failed to appreciate the value of 


light car! 
treated 


furl 


an experimental laboratory for the ex] 


discoveries and neglected to patent many of them. Of pate 


he held a half thousand or so, just how many is a guess 


So many honors were showered upon him by governm¢ 


universities, ete., that space limitations prevent 


listing them. 


societies, 
ittempt at 


(Condensed from Newark Evening News) 
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aterpretation of Oscillograms 


Its Applications” 


of “The Cathode-ray Oscillograph and 


Tuly - 


published serially 


By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. I, N. Y. 


GENERAL CONSIDERATIONS 


the convenient solution of actual problems met 

in practice, the usefulness of a cathode ray oscillo 
depends largely on the ease with which the oscil 

ims can be interpreted. In many cases a photograph 
her permanent record of the oscillogram is not re 

d. a visual inspection bringing out all essential 
Acquaintance with oscillograms, readily gained 
uigh study of representative diagrams, will permit 
selection of some system of connections that will 
lose the desired information with the least effort in 
erpretation. The purpose of this article is to present 
groundwork—-an introduction to the study of dia 
ims and to the schemes of connections for obtaining 
In industrial production tests (as of vacuum tubes), 
re 1s required a continuous succession of test read 
usually of electrical instruments. Much time is 
nevitably lost waiting for pointers to come to rest. A 
ithode-ray deflects instantly and in this regard makes 
n ideal inspection device. Moreover, the illuminated 
ndication makes possible the use of opaque screens to 
lelimit the tolerances; and final automatization may be 
chieved by using photoelectric tubes or cells to do the 
nspecting” and to operate signals or to actuate relays 


for the control of production processes. In such modern 


ndustrial applications, as well as in laboratory applica 


tions, the cathode-ray tube does its best when the user 
knows in advance what sort of diagram will best serve 
the particular purpose—exactly as in the use of ordinary 


nstruments, where the experienced user specifies the 


form of “scale law” which will best serve his purpose. 


Che difference is that with a cathode-ray tube the user 
iimself can arrange for obtaining the particular kind of 
scillograms which will best serve his purpose today. 
ind he can make a drastic change tomorrow. 

Chere are several possible schemes of classification of 
sscillograms, but for present purposes two main divi 


sions will suffice: Oscillograms in which the deflection in 


me direction is dependent upon TIME will be consid 
red as Class I, while in Class II fall those figures in 
which the deflections along both axes depend upon sepa 
ite and distinct functions of given conditions. 
Class I figures (insofar as interpretation is con 
rned) are not unlike the oscillograms obtained with 
usual mirror oscillograph of the Blondel or other 
pes. In the second class we have hysteresis curves; 
odulation diagrams; characteristic curves of trans 
rmers, tubes, amplifiers and other devices; phase and 
wer measurements; resonance curves, etc. 
lo obtain Class I figures, a known timing wave is 
nerally applied to produce a deflection in one diree 
or (less frequently) the moving spot is viewed in 
evolving mirror, or recorded on photographic paper 
film. In any case the oscillograms are straightfor 
rd and require no special technique in analysis. ‘The 
scale is usually (but not necessarily) either linear 
sinusoidal. Conditions also arise where the time base 
a logarithmic increment—as in studies involving 
nd pressures or the frequeney spectrum. “Time” need 


not always be reckoned in terms of the standard second, 
however, and in some tests it is found more convenient 
to use an extremely flexible “unit” of time for the hori 


zontal deflection (the abscissa hx unpre s occur in the 


studies ot certain mechanical processes in terms ol 
eveles of operation; also in the study of heart condi 
tions where the time base is the interval between suc 
cessive beats. 

It is in Class I] that the greatest variety of useful 
applications fall. The characteristic feature of — the 


cathode-ray type of oscillograph, namely, that of having 


two degrees of freedom, permits a great many electrical 
and non-electrical simultaneous measurements to be 
made in the form of controllable Class II diagrams 
The simplification which the commercially availabl 
tubes have recently undergone in the matter of accu 
racy adjustments, the use of lower anode potentials, 
and the inereased brilliance are proving incentives to 
the adoption of this device for many testing applica 
tions. The equipment requirements usually involve the 
selection of the proper pickup or conversion units, as 


described in the May and June 1936 articles 


Curiously, many of the possible applications in this 
category are not widely appreciated, doubtless due to 
the widespread use of commercial oscillographs designed 
for the convenient employment of linear timing waves, 
so that the arrangements that do not use such a time 
base are not considered. It also happens that some of 
the functional “cyclograms” belonging to Class II are 
relatively dithcult to analyze. It will be the purpose of 
the next few articles to cover in greater detail many 
of these applications in several fields of testing and 
research. 

The main problem is usually to select the test circuit 
that will disclose the desired information directly with 
out unnecessary mathematical analysis, and one that is 
simple to set up and control. The greatest disadvantage 
in using a cathode-ray tube is the absence of a stable 
calibration, if either the supply voltage varies or the 
anode voltage changes for other reasons. 

The cathode-ray tube indicates the instantaneous 
voltage across the test points connected, and therefore 
the peak voltage. The direct potential required for a 
similar deflection can be easily measured with a volt 
meter. This provides a simple check on the sensitivity 
unless, of course, a vacuum-tube amplifier stage perma 
nently connected to the deflection plates is used 

In test setups hereinafter described, the cathode 
anode supply circuits will be ignored, unless they play 
a definite part in the test, and it will be assumed that 
the tube and its associated power supply are correctly 


functioning. In the circuit diagrams the deflection plat 


eS 
only will be shown, using the usual symbols 

In most cases the anode terminal of the cathode ray 
tube will be found connected to one plate of one or 
both pairs of deflection plates, ind it is usually desir 
able to ground this common terminal either directly 
or through a “leak” resistance of one-half: megohm ot 
lower. This ground must be considered when any ex 


ternal circuits are connected to the deflection pl ites 
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MEASUREMENTS OF FREQUENCY! #4 The most frequent setting is where several ey 


the wave un ecur ring oO ‘ve the 
graph lends itself admirably to the com , ’ . inder soi agate eg Nag cycle of th 
, wave. ew simple atios are given i ‘j 
frequencies, as tor instance the calibration of i — a a oe Fig. 


aspect of the diagram on the screen will depen 


iudio oscillators and frequency meters against 
‘ the phase relation between the two frequenci 
standard. In such measurement either the frequency ; ann 1 snes, 
I i r dl r th req ency d the ren or el t ‘ Seve ral ol the possibilities tor each Treque ney ar 
0 s rie sure » «i Like ul l I ies is . ; 
both : in the vertical columns. Starting in each case { 
vot] 
i ee ST ter litth single line, the figure gradually blends through 
erns, inst t | recognizer ! ittl . 


result when two frequencies having a 


d ) thre de Heection plates As 


of multi-looped forms until it again reaches its o 


shape. With the exception of Column 1 with 
ratio, the series represents a shift of 180 degrees 


WAIMS Steal 
1 


Iie interval rt pre senting the next halt cv< 


roes back to the original aspect. 


When the location of a point on a plane is cont 


Tries 


by periodic forces bearing some definite relation 
a “Lissajou” figure’? results. Such figur. 
originally produced by the application of two sin 


waves normal to each other, but the term has « 


include figures produced by non-sinusiodal wa 
well. In certain cases where the vertical and hor 
deflections are so related that the area represent 
the diagram has heen called a evclogram 


Fie. 11, Feb. 1936 article, the ratio of f1 


erg 
cies is unity, but phase differences of 0 
and 180° are shown by the diagrams in Col 
Note that the diagrams for 0 and 180 ire 
straight lines, and that intermediate diagran 
ellipses.) 

In the first column of Fig. 1 the frequeney r 
2:1 with phase differences of O , 30°, 60>. 90 


120 respectively. The frequency ratios of 35:1 
5:1 and 6:1 are reproduced under the phase con 
of 0, 45°, 90°, 135° and 180°. Rules will 
cussed later for determining the actual phase d 


from measurements on curves of this nature 


Fig. 1 


ispect again and again at rela 

ot time. See Fig ie Keb. LO36 

ach series of such changes represents the gain 

one cycle by the lower frequency over the 
sub multiple of the higher frequency. 

Such a study of the frequency relations between an 
inknown wave and a standard thus resolves itself into 
two problems: that of noting the type of diagram which 
ippears momentarily at definite intervals, and then de 
termining the rapidity of such recurrences. 

Illustrating the application of the above solution, a 
number of common frequency ratios are illustrated in 
Fig. 1, from which several rules can be formulated that 
will enable the identification of more complicated fig 
ures. In practice the figure may be found to be rotated 
90> or 180” or some intermediate amount. Should this 
cause confusion at first, hold the page at an angle, or 
rotate the cathode ray tube about its axis, or else reverse 
the connections to the deflection plates. (A rotation of 
90 is of course the same as interchanging the connec 
tions to the deflection plates.) 

In order to simplify discussions of diagrams, the tim 
ing base frequency, assumed to be the standard, will 
be represented by the letter n while the unknown wave 

In case the frequency ratio is not an integral su 


will be re presented by - . 
2:3, more complicated diagrams result, as shown in 


os tT Vol. 46 1927. 1 ae leer 2, where the frequency ratios of 2:3, 3:4 and 4:5 
— eG are teneenty Meesereeent wen fe Cansei shown under a few representative phase conditions. I 
4 it will be noticed that an inversion of the frequ 
ratio is equivalent to viewing the diagram sideways 

For the determination of the basic frequency 
for any type of Lissajou figure. such as are show! 
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lustrations, a simple rule for obtaining the fre 
ratio, f/n, is to divide the number of times the 
ntersects the horizontal axis (or any line parallel] 
s axis) by the number of times the trace intersects 
rtical axis (or a line parallel to it 
nany cases where the ratio is not exactly an in 
in effect is noticed that must be considered in the 
s application of this rule: the shape of the figure 
s continuously through a certain series of dia 
Since an oscillogram is produced by a moving 
f light, the line does not move laterally as a whole 
successive Journeys along the path may each trace 
stinct new line. The combination of screen phos 
escence and visual retentivity then makes the oscil 
im appear as a number of separate and superim 
| diagrams. 
ien the frequency ratio is not that of two small 
vers, the figure is quite complicated so that in order 
pply the above rule, the following procedure is ree 
nded: Increase the amplitude of the deflection 
one axis until the spot travels beyond opposite 
s of the sereen. Then count the number of times the 
1 of the spot crosses a line drawn anywhere at right 
rles to this lengthened axis. Then reduce this deflec 
n to normal and increase the amplitude of the deflec 
mn alone the other axis and count the intersections of 
trace with a line drawn anywhere at right angles 
h the latest axis to be lengthened. ‘This spreads out 
pattern and there is less congestion to interfere with 
count. 
lhe second part of the problem is that of determining 
rate at which the unknown varies from the true mul 
tiple relation, Variations of three or four cycles per 
second can usually be followed visually. If, as is usually 
case when audio frequencies are examined, the pat 
ern changes too rapidly for the eye to distinguish, other 
plans must be used. It is a characteristic of all of these 
figures that twice during each series the diagram is a 
ine. At all other times it is a closed diagram and repre 
sents a rolled up ellipse (see Fig. 12 of Feb. article) 
lt happens that the ends of one of these line diagrams 
as distinguished from the closed loops) are brighter 
in the rest of the trace, as the spot momentarily stops 
ere and reverses its direction. It is possible therefore 
to add a timing field in a third direction either by the 
ipplication of a known timing wave to deflection coils 
so as to shift the whole diagram in some radial direc 
on, or by the application of a circular time base in the 
nanner described in connection with Fig. 88 or Fig. 45 
n the April article. By thus translating the whole dia 
gram it may be possible to count the brighter spots or 
streaks that occur at the ends of the lines, especially if 
e spot is somewhat defocused so that the normal dia 
gram itself is not distinguishable. It also may be ad 
vantageous to reduce the intensity of the trace so that the 
spots only are visible. The net result is that every time 
line diagram momentarily appears due to the two fre 


quencies being in phase, a pair of bright spots will ap 


ar, and these spots are drawn out into a line, circle or 
lipse so that they can be readily counted. 

It will be necessary of course to know accurately the 
‘equency of the auxiliary timing wave. Each dot repre 
nts a gain of one-half cycle of one wave over the other. 
it usually the dots will appear in two parallel lines if 

direction of the auxiliary deflection is suitably 
sen, so that each dot can be considered as a gain of 
cycle. In order to prevent error the auxiliary timing 
ive frequency should be varied manually in intensity 
ra preliminary test. The purpose of this is to ascer 


tain whether successive occurrences of the in-phase con 
dition produce adjacent dots. Another test is to swing a 
permanent magnet past the tube and to note whether 
the rows of dots appear to shift as a line or break up as 
two or more lines. 


FREQUENCY DETERMINATION WITIL CIRCULAR DIAGRAMS® 


When one frequency is an exact harmonic of the othe: 
circular or elliptical diagrams are easier to analyze. In 
the April article an analysis of some of the results ob 
tained with different circuits was made. A common 
arrangement has been to apply the unknown frequency 
in series with the anode potential, so that the deflection 
sensitivity is pe riodically altered. ‘The normal deflection 
plate circuits are connected to the standard frequeney 
through a rotator circuit so that a circular trace is ob 
tained. Fig. 38 shows several diagrams that are obtained 
with diff rent freque ney ratios The S¢ diagrams are S¢ lf 
explanatory and their interpretation can be made by 
counting the number of lobes and the number of times 


anv radius vector cuts the curve 





gue 
ram { r 
- ) 
( ) 
\ 
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Fig. 4 hy: Y OR J 


In the same article there was also described the dou 
ble rotator circuit wherein both the standard and the 
unknown frequencies operate to rotate the spot (Pigs 
46 and 47). The result depends upon whether thes 
yr. 4 


forces tend to aid or to oppose each other. '" Fi 
shows representative oscillograms for certain frequency 
ratios, obtained by using this method. If the polarity of 
one pair of deflection coils is reversed, the diagram will 
change to the alternate style. Close inspection will show 
that when the cusps turn out (Fig. 4a) the gear has two 
more teeth than when they turn in (Vig. 4b) 

Analysis of the circuit will show that both of the 
applied frequencies follow a circular path and that the 
higher frequency curve, in effect, rolls around the edge 
of the larger circle. If the two rotary movements are in 


(Continued on page 264) 
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A Method of Measuring A-c. Millivol: 


By PAUL 


MacGAHAN 


Meter Engineering Division, Westinghouse Electric & Manufacturing Co., Newark, N. j. 


ILLIVOLTMETERS of the permanent-magnet 
moving-coil tvpe for direct currents are char 
cterized by high watt sensitivitv: one micro 
vatt for full-scale deflection can re adily be obtained in 
vortable nstruments of this type without lmMpairing 
ggedness. This is in strong contrast to the moving-iron 
rr the dynamometer principles of a-c. instruments, which 
generally require one watt or more for full-scale torque 
For example, a I-volt a-c. voltmeter operating on thi 
ving iron principle would require approximately on 
npere tull-scale current 
tectifier twp permanent-magnet instruments, how 
provide ai low-ene rgv means of measuring alter 


/ 


ment 


dilor 








D’Arsonva/ 
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should 


ment of drops in conductors, cables, circuit b 
switches ( 


In the 


yr control circuits carrying alternating 


irrangement shown in Fig. 1, the 


problem ot falr accuracy and complete portabilit 


( 


been satisfactorily solved by placing a miniatur: 


primary voltage of 30 millivolts and a secondary 


of 3 volts. 


Keven with the addition of this transformer the 


h 


: ; 
up voltage transformer within the case of a 
portable instrument. This transformer is wound 


er 


required is tar below that of portable alternating 


rent instruments operating on other principle gs. J 


ill 


input current required for the 30-millivolt range is 0 


Vole 
be 


\s we 


made of the valuable work done by U. L. Smith of 


>) 


I 


vo to press the author informs us that (1) acknovw 
the 


\ 


i 


inghouse Co. in developing this method; (2) after our acceptance of this 

Instrument in’ English inticipation of this method has been found: on page 176 0 

AC ial Llectrical Measuring lustruments bv Edgecumbe & Ockenden (P 
Sons, London, 1933 
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Y-Average value ae. =d.c.when rectified 

j / 

Ll = —_ ee \ 

RMS value of a.c 

Fig. 1 
nating currents, retaining the low-ene rey characteristics 


possible only with the permanent-magnet type. Instru 


ments which contain a miniature full-wave copper oxic 


disk rectifier (known as “‘Rectox’’) are suitable for 
measuring certain comparatively low values of a-c. am 


peres or volts. However, a definite limitation is encoun 


tered in attempting to design a rectifier type voltmeter 


for the measurement of low voltages, 7.e., millivolts, due 
to the fact that the resistance of an element such as the 
Rectox is a non-linear function of the value of the cur 
rent flowing through the disks, and is influenced also by 
the temperature. This necessitates the use of a resistance 
oil in series with the Reetox, such resistance being of 
t sufficiently high value to reduce to permissible limits 
the effect of these variables upon the accuracy of the 
nstrument. In consequence of these limitations, Rectox 
voltmeters for a-c. voltages lower than 3 volts full seal 
ive not been successfully produced 
lo be sure, another reason why a-c. millivoltmeters 
rave not been produced commercially is that their appli 
itions are neither as widespread nor as diversified as 
ire the applications of d-c. millivoltmeters. Neverth« 
ss, there are distinct fields of usefulness for an a- 
Hivoltmeter. Its principal use is to facilitate measure 
INSTRUMENTS 
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Fig. 2 (slightly less than actual size). Showing scale law. 





ampere, and the energy, therefore, is of the ord 
0.00075 watts. 
The instrument is not intended for use as an 


unmeter operating from a shunt as in the case of d 


millis oltmeters. 


The 


principle of operation involves certain inher 


errors due to circuit wave-form variation, tempera 


( Ce 


which limit the applicability of copper oxide r 


fier instruments to uses for which other principles 


entirely unsuitable. Nevertheless, without making 


be lie ved 
to 


solution of certain classes of problems involving 


it 


prove 


pretentions to high accuracy, is 


above-described method will be a 


urements of drops in a-c. apparatus, ete. 


CHARACTERISTICS OF MILLIVOLTMETI 
\mperes full seale 
Resistance (low range) ohms at 60 evele 
Volts full seale (low range) 
Porque full scale, mim.g 
Weight of moving element, 
Moving coil copper resistance, ohms 
remperature influence LEE 
Energy full seale (0.080 Volts), watts 


thal 


conven 
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5. Regulators with Static Sensitive Elements. SIMPLICITY 
(Continued) ACCURACY 
b) Electron-tube Voltage Regulators. spemnebianannigh 
| of be tie ; ~ & volt LOW FIRST COST 
e sensitivity and speed of response of electro-mecnanical types of voltage 
current ana are dente limited by friction and see of the PERFORMANCE 
ind, while these limitations may not be objectionable in many installa MODEL D 
where large generating units are involved, yet the instantaneous action 
electron tube has rendered it of such value in regulation that, at the 
of writing, one may foresee the whole field of automatic control of voltage Normal temperatures 450-14 I 
urrent being dominated by electron tubes and their associated circuits Mechanism not injured by excessi' 
Electron tubes in their numerous forms possess other properties, and have been heat Adjustable range made to 
ized for voltage and current control in so many ways that to describe, even suit. Snap a 1 switches rated 
etchily, the many systems which have evolved and which are almost daily Amps, 110 Volts A. ¢ 
sabia their appearance would far transcend the limits of these pages Control very delicate, if requit 
The “threshold effect” of glow tubes and the non-linear characteristics of Send us your inquiry. The ansv 
ermionic tubes form the underlying principles in many voltage-sensitive ele will interest you 
nents; and the relaying and rectifying properties of electronic devices, whet 
d in conjunction with other forms of sensitive elements, further widen the Burling InstrumentCompany 
; 43 Springfield Ave. Newark, N 
ipplicability of electron tubes to the automatic regulation of electrical var 
ihles. The few methods which it is practicable to describe in these paragraphs 
in serve only as an indication of the unlimited possibilities of electron-tube 
ontrol, and the reader in search of a true perspective of the field is referred 
to recent books!’ *° and to the ever-growing mass of material in scientific and 
hnical journals 
) Memo: 
Glow Tubes” as Regulators. 
The characteristics of the corona-discharge or glow tube make its critical Send for Continental's bulletin 
Itage suitable for the constant element in a regulator. This device consists TV-2 describing their TRU- 
essentially of two electrodes sealed into a re ~ > containing an inert gas at VAC vacuum gauge, which has 
litable pressure. When properly designed, it has the characteristic that th 


been especially designed for 
re at which corona forms and the gas aed conducting by ionization 


pita use in high vacuum systems 
actically independent of temperature or frequency. The fact that it 1s 


sponsive to peak voltage rather than effective voltage is not a serious disad where a continuous and accu- 
tage on commercial supply circuits where the variation of voltage wave rate knowledge of vacuum con- 
n is seldom appreciable. When the regulation of voltage of small generators ditions is necessary. 

nvolved, however, variations of form factor under different conditions may 

sufficient to render undesirable the use of the glow tube regulat Used by many of the country's 
The simplest application of the glow tube to voltage pen re is in some foremost companies and insti- 


pes of radio apparatus where a relatively small and steady current is drawn 
m a variable voltage source. A glow tube is connected in circuit with a 
pped resistance between the supply and the load, and by its rapid change Write today. 

urrent with relatively small voltage variation, is able to govern a varying 
| of potential. This drop is combined in the regulated voltage in a manne 
’ provide “o . cree ( ‘ rencati “ ve |j he supply 
_ de a reasonable degree of compensation for change in the suppl CONTINENTAL ELECTRIC CO 


‘he | | inoi 
The limited current capacity of the simple glow tube places restrictions o1 St. Charles 6, Illinois 


tutions making vacuum devices. 


use as a regulator without some form of relaying device or circuit; but in 
njunction with a grid-controlled gaseous rectifying tube (such as the G-E 
Thyratron” or Westinghouse “Grid-glow’) it can be developed into an PHOTOCELLS 
ffective combination for generator field control.*’ The rectifying property of 


; VACUUM SWITCHES 
‘Keith Henney. Electron Tubes in Industry. McGraw-Hill Book Co., New York, 1934 
vf H. Gullitsen & E. H. Vedder. Industrial Electronics. John Wiley & Sons, New York 
435; Chapter XV. 
‘TH. W. Dodge & C. H. Willis. A Corona-tube Voltage Regulator. Transactions 4.0. F.. \ 
1931, pages 1466-1468 
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n Tub Regulat 
I Principal properties of thermionic tubes which may De utilized 
ling voltage-sensitive elements for automatic regulation are the lar 
4 plate current In response to variation 1n yrid bias and the sensit 
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langes 1 t temperature Of a ibe Operated at Yate saturat 
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d parti irly suited to the control of voltage under widely vary 
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L L R ing plate saturation 1n the sensitive element and acting to control g 
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fields in response to voltage changes, are outlined in a detailed dis 
Moist Peller EMAC! published by Verman and Richards.** They involve conversion of the fl 
kOOratO tions in the a-c. voltage into direct current, which is effected in a tul 

ae iting at saturation; amplifying these: and applying them to the fi 

yenerator or exciter. The interconnecting circuits may employ electr 


Suit tb other relay devices: but the gaseous conduction tubes such as the “Thyr 


1 : ] hle } { -} ] } t 
iterials OI Grid VIOW Nave enabled the capacity of such regulators to be ext 
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Harry Ww. Dietert Co. A Vacuum-tube Voltage Regulator for Lar 
676 A West Grand Blvd. | 4] H Gulliksen Electronic Regulator for A-c. Generators. Transactions A 
Detroit, Michigan cm, 
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bodiment of the purely electronic ré 


ctical eMDOC 


ntroduced Ward-Leonard “Type EF” generator 
Figs. 48-22 and 48-23. Referring to the diagram, it wi 


- 4 7 
field current is derived from a full-wave 
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x tubes VT-1 and VT-2, the output 
latter being controlled by the 
position of its grid voltage. The 
VT-4 operates at plate saturation, 
it relatively small variations in fila 


urrent, derived from the source 


DOS 
t 


controlled, produce great changes 
the negative bias voltage applied t 
srid of tube VT-3. This tube func 

much as a rheostat in the anode 
be VT-2, and acts in con 


+ 


rT tu 
with a capacitance to vary tn 


+ - 1 1 
sition of its grid voltage, th 
troliing the total Output of thn 

17 sé } .] { i 
ircuit which feeds the ex 
d. The diagram includes a switch 
1 1 1 
xement whereby the system may be 
and 


ns are attained. 


Vulator is found t 
r vi ive regulat 
11 
i De See tnat 
ier having tw rect 
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nanan 
uyurT e 
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1 control shifted to the electronic regulator as normal oj 


The Westinghouse “Type AT” electronic regulat vides a 
\ in which the sensitive element is a rectifier tu iV1 

| filament or cathode. The dc. output voltage of this rectif 
o the average value of the a-c. voltage applied to the anod 

it the regulator tends to maintain constant the iverag rat 

s., value of voltage. The principle of operation may be under 


to Fig. 48-24. The generator voltage 1-2 is re 
cuum full-wave (RO-587) tube, whose d« 


1 in opposition to a 90-volt battery B. The \ 


rectifier tube and the battery is amplified in a 


t 


7 . 
phase-shift circuit which controls the current thr 


ury vapor (KU-628) power tubes which are connected 


1 


ircuit. An auxiliary circuit supplied with 


ikes use of a saturated tube, and thus regulates 


S. Pat No 8 F. G. Logan, Nov 
>. Patent No 7,1 F. G. Logan, Apri 
S. Patent N« 3,94 F. G. Le Sept 


two-stage an 


of Nos. 1 and 2 screen grid amplifier (RJ-571) tubes, 


ugh four 








use TRUFLEX 
THERMOSTATIC BIMETAL 


To compensate ambient conditions in re 
corders and controllers, to provide inter 
mittent current operation in appliances, tc 
insure accurate temperature control for your 
product—use Truflex thermostatic bimeta 
For the consistent uniformity of Truflex 
due to precision fabrication methods and 
scientific checking and testing—insures you 
of unusually accurate and dependable results 
Furthermore Truflex does not run up ex 
penses. It can be supplied in any shape or 
form and a complete line of 24 types meet: 
practically all temperature conditions 


Send for our free handbook. 


GENERAL PLATE COMPANY 


ATTLEBORO, MASSACHUSETTS, U. S. A. 








We offer a wide variety of 


GLASS-ENGRAVING 


suitable for the most critical 
requirements 














a we 


{ discussion of your problems 
will cost you nothing. Write 


Glass Engraving Company 
3604 Park Ave. New York, N. Y. 
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Kurman 
OFFERS 
2 New 
ee... 
Sensitive 


Relays 





SENSITIVE 

14 Milliwatts for positive operation. 
ADJUSTABLE 

Pull up—drop out—speed. 
DROP OUT 

From 50 to 85 of pull. 
CONTACTS 

Fine silver—112 amps 110 V. A.C. 
RANGE 

.0005 V. 25 amps -to- 20 V. .00065 amps. 
FEATURES 

1¢ Wide contact separation 

2C—Speed .001 seconds. 
RUGGED 

Some customers report 4 years continu- 

ous satisfactory operation. 


Kurman Electric Co., Inc. 


241 Lafayette Street, New York City 
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PYR ‘OPTICAL PYROMETER 


SELF - CONTAINED, 
DIRECT READING, 
RUGGED AND 
FOOL-PROOF 


t nique construction 
enables operator to 
rapidly determine 
temperature even 
on minute spots, 
fast moving objects, 
or smallest streams; 
no correction charts 
—ne necessories, 
PYRO OPTICAL Is 
now available in a 
new type with three 
separate, direct- 
reading scales— 
ideal for steel mill. 
open hearths, soank- 
ing pits, taborate- 
ries, ete. 

Steck Ranges: 

1400° tea 5500° FF, 


PYRO RADIATION 
PYROMETER 


Ideal for furnace r kiln 
ise. Gives actua ea of 
naterial aside from fur 












































kiln tem- 


within a few se 
mings in y 





. k ranges 1000 


Write for special bulletins 


THE PYROMETER INSTRUMENT CO. 
103-107 LAFAYETTE ST., NEW YORK, N. Y. 
GRANT BLDG.. PITTSBURGH, PA 
See our exhibit, booth B-18, National Metal 
Exposition, Cleveland 
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There has recently been announced** a Westinghouse electronic regu 
which is essentially a greatly simplified form of the above, using a “satur 
tube and providing against tube failure. As may be seen from the sche: 
diagram, Fig. 48-25, this regulator is fundamentally a grid-controlled ful 
rectifier, consisting of tubes T, and T., supplying rectified current to tl 


erator field. The grid control is obtained through the action of diode T 
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LOAD 
anode current is a function of the generator armature voltage. In this 
the current between anode and cathode is a function of the cathode ten 
ture, hence of the cathode current (see Fig. 48-26). Thus, the volta 
hetween A and B, bears such a relation to the generator voltage that 
control point (say 125 volts) the relative polarity of A and B is rev 
Drooping characteristic is minimized by passing the generator field c 
through part of the resistor connected in series with the cathode of T 
hunting is prevented by the slight delay in this compounding action 
the inductance of the generator field winding 


1F. H. Gulliksen. An Electronic Regulator for |) Generators. Electrical I 
3 pages 873-875 


























Get Better Acquainted 
vith Your Machine Design 


...use the LEITZ 
PROFILE PROJECTOR 






Y 
I NLARGED SILHOUETTES of small objects or parts cast onto 
a broad plane surface enable the user to check without eyestrain the 
most minute details. There is no distortion because of the precision of 
LEITZ optical parts and asscmbly. 

Several models of LEITZ Projectors are available, each designed to 
do certain special worh in checking the accuracy of machined parts. 

Write to us about your particular problems so that our technicians 
may be of service in properly applying the advantages of a Projector. 


‘ ‘“ cy — = 
60 EAST [oth sT, 
K. LEI Z. Bme. NEW YORK, N. Y. 


WASHINGTON CHICAGO DETROLT 
Western Agents: Spindler and Sauppe, Ine., Los Angeles, San Francisco 





TEST MAGNETIC 
PROPERTIES 
OF YOUR STEELS 


" 





RAWSON FLUAMETER 
SIMPLEST AND MOST EFFICIENT 


Photo Electric Cells —-‘*Electrocell”’ 
S il Apparatus Built to O 
ELECTRICAL INSTRUMENT CO. 
Cambridge, Mass. 
Branch: 91 Seventh Ave., New York City 


Representative: E. N. Webber, 
1217 Washington Boulevard, Chicago, II! 
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SHALLCROSS 
WHEATSTONE BRIDGE 


Reliable Inexpensive 





Range 0.0! Ohms to I1.1 Megohms 


This Wheatstone Bridge is’ built 


around a highly sensitive galva 


nometer and Shalleross resistors. 


An advanced graphic Instrument 


used in arc welding for recording 
uniformity of are stream, quality 
of welds and skill of welding op- 
erators. \ simple 
instrument capable ft resistane 


measurements from 0.1 ohms. te 


RUBICON COMPANY 11.1 megohms 


» N. Sixth Street Philadelphia, Pa. 


\ B 631-HIl 
IX PP I } 
ar Kelvir I R 
xes, Co Tes Ss ( 
Seg, Magnene Tet’ Atprs SHALLCROSS MFG. CO. 
escriptiz ulletiy COLLINGDALE, PA. 



































THE SIGMA 
SENSITIVE RELAY 





Jewelled movement. Balanced to op 
erate in any position. Positive ope! 
ation on 4 milliwatts, D.C. Single 
pole, double throw. Mounts in stand 
ard 5-prong tube socket 


A usetul adjunct to 
VoL. controls 


and alarm circuits 


Signalling 


SIGMA INSTRUMENTS, INC. 


388 Trapelo Road Belmont, Massachusett 


Supervis 
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OSCILLOGRAMS 


same direction it takes two more cycles to complete 
volution than when the waves travel in opposite 

ons. Therefore if the cusps turn “in” the frequen 

» is equal to (X 1) where X is the number oft 

ind when they turn “out” the frequency ratio is 

\ Phe amplitude of the unknown wave should b 
itively sm ill, in order that be diagram should not be 


dlessly complicated 
These curves re present a visual demonstration of the 
eats produced by combining two commensurate fre 
yuencies. The basic frequency, applied to the time base, 
tates the spot in one direction. The other frequency. 
ipplied to the special cireuits des ribed, also tends to 
tat thre Spot It thre rotations are in the same dire 
© total speed equals the sum of individual speeds; 
the opposite is true if the connections are reversed 
Chis effect need not give any difficulty as to the prop 
method of analysis. A simple check is as follows: It 
he higher frequency potential is removed the trace will 
retain its circular or elliptical shape. If the lower time 
base Trequency is removed instead, the Spot will either 
1) remain stationary, (2) move in a smaller circular or 


Hiptical path of its own, or (3) move in a straight lin 


In CASE ] Lie Treque nev ratio 1s the Same as thre num 
b of the teeth in the gear. In (2) the frequency ratio 
s either one unit greater or one unit less than the tooth 


itio as explained above. In (3) the difficulty ot correct 
vy counting the number of teeth will prevent an accurate 


inalVSisS, as ¢ xplained in connection with Fig. 40b of the 


REQUENCY AND TIMI STUDIES WITH DISCONTINUOUS 
DIAGRAMS 
If the cathode-ray tube has an auxiliary control pro 
ided for the purpose of focusing, modulating or block 
ing the ray, Irequency comparison utilizing a discontinu 
uus pattern can be made. This grid also provides a means 
for measuring extremely short intervals of time 
As explained in the Oct. 1935 article, this grid forms 
1 shutter whereby the brilliance of a spot can be par 
tially or completely extinguished. In the present types 
of RCA tubes a potential of about 380 of the anod 
voltage is sufficient to shut off the electron stream. 
he circular time base,” produced by a known fre 
quency, is used as before. The unknown wave or puls¢ 
is applied to the modulating electrode to alter the nor 
mal brilliance or focus of the spot. The resulting pat 
tern is a series of dots, which can be counted to give the 
frequency ratio. It may be necessary to test out to de 
termine whether two adjacent dots represent successive 
eveles. If the frequency ratio happens to be non-integral. 
the dots or pulse s of light projected during the second 
revolution may fall between those of the first revolution 
\ simple test for this effect is to move the whole dia 
gram laterally, and fairly rapidly, as by swinging a 
permanent magnet nearby. If the dots move as a line. 
the frequency ratio is the integer represented by the 
vuuint of the dots on the time base cycle. If, however. 
ilternate dots move different amounts and the line seems 
>» break up into two or more rows, the frequency ratio 
s an improper fraction equal to the total number of 
dots divided by the number of rows. This arrangement 
nakes an excellent method for checking the ratio of the 
input and output frequencies of a multi-vibrator oscil 
lator circuit 
\ synchronous motor driving a commutator equipped 
with a number of sectors will provide a standard timing 
pulse circuit for this tv pe of test. Devices can be used 


which utilize a magnetic “hummer.” made by rotating a 
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steel gear wheel so that its teeth pass by the 


in ordinary telephone receiver.” ‘The output of 
on the ‘phone is amplified and used to modulate t 
tron stream. The use of a synchronous motor driy 
commercial a-c. supply mains (in districts w 
svstem frequently is well regulated) provides a s: 


pulses of sufficient accuracy for most tests. 





AMENDMENTS TO SPECIFICATIONS FOR LIQI 
MEASURING DEVICES 
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The | 
EPPLEY STANDARD CELI 
A precision Standard of Electromotive Force 
| 
| 
The low temperature coefficient form of the 
International Standard of Electromotive Force 
Cat. No. 100. Standard Cell, cadmium, unsaturated 
use in precision measurements of electromotive { 
Guaranteed to be withir 0.01% rt certined 
Negligible temperature coefficient. Internal resist 
t over 500 ohms. Mounted in black bakelite 
With Eppley Laboratory Certificate $20.0 
With Burea Standards Certificat 26.0 


| EPPLEY } 


THE EPPLEY LABORATORY, INC 
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Radio meter 


@ Unusual Sensitivity 
@ Three Weighting Networks 


® Calibrated from 


teries: $195.00 





INDUSTRIAL NOISE MEASUREMENT 


MMENSELY simplified with the new General Radio 
| Type 759-A Sound Level Meter. The new General 
meets the tentative 
American Standards Association, The American Insti- 
tute of Electrical Engineers and the Acoustical Society 
of America. It is extremely simple to operate and in- 
corporates the following new features: 


® Non-Directional Crystal Microphone 


® No Rheostat or other Battery Adjustments 
® Magnetic Pick-up Eliminated 
24 db to 
® Light Weight—23!/, pounds with Batteries 
@ Inexpensive—Complete with Tubes 


WRITE FOR BULLETIN 49-1 FOR COMPLETE DETAILS 


GENERAL RADIO COMPANY 


# 30 State Street, Cambridge, Massachusetts 


standards of the 








130 db 


and Bat- 








Required Reading 
FUNDAMENTALS OF 
INSTRUMENTATION 


The first treatment 
of “Robot” Control 
$2.00 Postpaid 
INSTRUMENTS PUBLISHING CO. 
1117 Wolfendale St. Pittsburgh, Pa. 











HARDNESS 
TESTING... 


done WITH NO MENTAL HAZARDS. 
The SCLEROSCOPE has done it for 
the past 29 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 


Illustrated 
bulletins 
free. 
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The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Avenue, Jamaica, N. Y. 








PRICE 


$77.00 


® Portable, A.C. Operated. 

® 10 cps to 20,000 cps. 

® Reed for Calibration Check. 

®@ High and Low Impedance Outputs. 
@ Direct Reading Dial. Accuracy 2%. 
®@ Low Hum and Distortion. 

®@ High Output; 30 volts Max. 

@ Drift after warmup Negligible. 


Type CR-4 Beat Frequency 
Audio Oscillator 


Write 


UNITED SOUND ENGINEERING CO. 


for Cata 00g 


223! University Ave. St. Paul, Minn. 














11 


) 


“ALNOR” 
VELOMETER 


(Boyle System) 
Instan!anrous 
Direct Reading 
Air Velocity Meter 
feet to 6000-feet 
per minute 
Write for Bulletir 


linois Testing 
Laboratories 


Incorporated 
2 W. Austin Avenue 
Chicago. Hlinels 








| Surface Temperatures 







Fiat “ +] 
Stationary The Alnor 
or . . 
Moving Combination Pyrocon 
Curved 
Surfaces Ideal for rolls, molds, 
plates, platens and 
plastic material temper 
atures. 
Write for bulletin. 





142 W. Austin Ave 


illinois Testing Laboratories, Inc. 


Chicago, Illinois 











20 mm. or 0.5 






High 


accurate 


vacuua or 
gas pressure. 





Electric V 





WwW 


Ave., 


Pennsylvania 


200 


acuum Gauge 


we 


INSLOW 


ENGINEERING CO. 


Hillside, N. J 














INSTI 


September 


tUMENTS 
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MANUFACTURERS’ NEW LITERATURE ADVERTISER | 


In this department we list each month the printed matter issued by manufacturers. Unless otherwise noted, any 
of the items listed may be secured free upon application to the issuing firm. 


ee INDEX 











De Tymeter w hil 


' f chigan Av Adams, Hurl R. 


Depth Perception Tests. 8-paz Bailey Meter Company 
f t teil é No. 71-2101 describes the 


Baldwin-Southwark Corp. 


Colored Optical ! 2 Glasses ‘ bsence of depth perceptio1 Bausch & Lomb Optical Company 

Par ws ‘al ‘at { nd 1 orist Sa 1 & Bendix Marine Products Co., Inc 
e 2 : he NY ; . Bristol Company Back 
Beat Saas paseenc: Sarena. : Brown Instrument Company 


Burling Instrument Company 


Self-Operating Controllers. RCA t ivisior te f Chace Company, W. M. 
‘ \ ’ ‘ f ' ly Camder N. J e . 
69 “AML Range” Temperature Con- Clifford Mfg. Company 
Tag bu £ troller. Tw il] l I t 
ce R) q \ nad ol { production. describing cor 
Analytical Balance. * = tructi ind performance ¢ cw Cramer & Co., Inc., R. W. 


B. O. Bushnel 2¢ derso Dietert Company, Harry W. 


bulletin one blueprir 


Continental Electric Company 


‘ ; Li \ngele Calif . 

é ) a) Dairy Thermometers. ;: Eppley Laboratory, Inc. 
Piezoelectric Engine Indi ! 1 l¢ v ch pens to ¢ 

' cde } i! lis ‘ scril new univer 


thermometer 


Federal Products Corp. 


Fish-Schurman Corp. 


a therr 
George ; lag bue Mf Co., Park < ost Ford Motor Co., Johansson Div. 

ette St.. N Yo ’ ve rrooklyn, N. ¥ 
Multi-color 


Recorder. © ) Temperature Control A ne\ Foxboro (¢ ompany 
ppl tion of the of t letins on the resonant cir Inside Front Cover 
Re der t the ore t pe ¢ principle and on co ' . 
' h ter ploying this. principl Friez & Sons, Julien P. 
‘ Instruments , 1112 Mil 
\ Pr} lelphia, 1 kes Ave Chicago, III 
femperature = tnstrumentation. xs Electric Flow Meter. 
le N-3¢ 1 miniature catalogu illet °096 describes complete 
ntrolling iments, primary devices, « for General Plate Company 
rmometers remote measurement of steam , . 
checking ind other fluids. Cochrane Corp General Radio Company 
nstrume? \llechensy Ave ind 7 I : : . . 
Cc 1955 Stentor : ila elphia. P Glass Engraving Company 
“Wind News” 


Gaertner Scientific Corp. 


General Electric Company 


Pa 
Hardness Tester. 4 re ] ! tu ( Z a i 
es and describes a n whic 3 odi priate i g Gordon Co., Claud S. 
ne with pyramid-shs lition orre uli I Z 
nter and automatic : Sons sal re St. ¢ Hickok Electrical Instrument Co. 
; imiform testing conditions "e878 we mn Illinois Testing Laboratories, In 
rzh Instrument & Machine Co 274 Current Transformer. 4-page ‘ an Sean : 
isdale St.. Pittsburgh, Pa bulle 26 describes a -ranee. port 
Special Vesters. Bulletin IT-P-1 able al-case transformer and gives " 
bes incline plane testing machins irves whereby eorrections may be Co. 
] ind hysteresis made for utmost accuracy. Esterline 
-? describes : ‘oO Indianapolis, Ind 
employing wn ee ——<———————— Leeds & Northrup Company 
see 6 228 Calibron Notebook | 
“Se aineale page 240) NOTE 
: ‘alibron Notebook No. 3 


Ss r Tatigue or re 


G-M Laboratories, Inc. 


t 
t 


Johansson Gage Div., Ford Motor 


n et 
Kurman Electric Company 


cimen 

Leitz, Inc., E. 

O 3 Price Littelfuse Laboratories 
ee" ie ctinwa al cuts copys idditional copies ce " 
Bull ‘bar Pell “ same shipment 30c each. Note also that Mason-Neilan Regulator Co. 
»ulit¢€ l - geese He . 

estine machine for ten dimensions of depth should 


eae 11; e Annis Cali Minneapolis-Honeywell Regulator 
of re eore S . . Vv cv O . ia 
: Pr 51 Lakeside Ave es Co. A 6-A 


1 ine ens Powers Regulator Company 
gee aoe PR ge MS Ngee ; ie Inside Back 
: > 7 = VEL Ss D27 Indicating Pyrometers. re % 
ence - ; : illetin describes small indicators Pyrometer Instrument Company 
Radio and Audio Oscillator, ( t mle fo small furnace , 
New opular-] , “Re mila ogee“ igre bepge Rawson Electrical Instrument Co. 
ty outfit The Be : 179 \Taq pas es? eae, i it 
rument Co. 10514 MIWAURCE AN VhICce Review of Scientific Instruments 
eras Automatic Gas Shut Off. 4-page Riehle Div., Am. Mach. & Metals 
les bes the Flame trol” . . 
: luctivit: pre ae i Mfg. Corp. 


Miniature Traveling Recorder. 


‘ Roller-Smith Company 
Ave Ct ‘ T11 

(7 Precision Balances. 8-pa: ‘a Rubicon Company 
i) sector 1 is latest evis 


Smith Co.. 2132 Woolworth Rld¢ Shallcross Mfg. Company 
N. ¥ 
Air Circuit Breakers. T 
for Catalom & 


1 





Shore Instrument & Mfg. Co. 


INSTRUMENTS 
1117 Wolfendale St., Pittsburgh, Pa. 


H pl ith : , ‘ On . . 
ave “er vit ied w a copy of each 01 York, } Taylor Instrument Companies 
piece of Manutacturers’ Literature listed 279 Reeording Electrical Instru- ‘ 
below ments, 4-paze Catalog No. 830 describe rriplett Electrical Instrument Co. 
na } trir } vt +» ++ 
Smith Co., 2132 Woolworth Bl Trofimov School of Inventive Prac 
rk, N. ¥ tice, Inc. 
Portable Instruments, Latest ; 
f talog describing d-« United Sound Engineering Co. 
: : instruments : 
Name hur 1d transformers. Roller Voland & Sons, Inc. 


Sigma Instruments, Inc. 


Struthers Dunn, Inc. 


Position Yor] Ward Leonard Electric Co. 
S I‘lectrical Measuring Instru- se ‘ ’ : 
Firm ments and Resistors. A new binder cor Westinghouse Electric & Mfg. Co. 
? et of catalogs and engineering ” 
Street and No jescriptions, including useful charts Weston Electrical Instrument Corp. 
Shallcross Mfg. Co., 700 MacDade Blvd we hae ; i 
City State Collingdale, P: Winslow Engineering Company 


INSTRUMENTS 
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